' cited in the European ^ a ^i, 
1 Report of EP 00% 3000. 6, , 
I Your ReL:r-?()ZCytZX&C& ? ? 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(ft) Publication number : 0 626 402 A2 



EUROPEAN PATENT APPLICATION 



(g) Application number: 94303811.7 
(g) Date of filing : 26.05.94 



(g) Int. CI. 5 : G08G 61/08 



(So) Priority : 27.05.93 US 68236 
27.05.93 US 68240 
15.12.93 US 167668 



(43) Date of publication of application : 
30.11.94 Bulletin 94/48 

(§4) Designated Contracting States : 
BE DE ES FR GB IT NL 

(FT) Applicant : AMOCO CORPORATION 
200 East Randolph Drive 
Chicago Illinois 60601 (US) 



(72) Inventor : Nubel, Philip O. 
819 Tulip Lane 
Napervilie, Illinois 60540 (US) 
Inventor : Yokelson, Howard B. 
1339 Brush Hill Circle 
Napervilie, Illinois 60540 (US) 



Inventor : Morel and, Robert B. 
29W225 Hartmand Drive 
Napervilie, Illinois 60564 (US) 
Inventor : Bagheri, Vahid 
6000 Oakwood Drive, 5H 
Lisle, Illinois 60532 (US) 
Inventor : Cohen, Steven A. 
962 East Prarie Avenue 
Napervilie, Illinois 60540 (US) 
Inventor : Bouslog, William G. 
1517 West Jefferson 
Napervilie, Illinois 60540 (US) 
Inventor : Be h rends, Raymond T. 
425 North Stewart Avenue 
Lombard, Illinois 60148 (US) 
Inventor : Nelson, James P. 
1121 Kings Point Court 
Napervilie, Illinois 60563 (US) 

(g) Representative : SCHLICH, George William et 
al 

Mathys & Squire 
10 Fleet Street 
London EC4Y 1AY (GB) 



(54) Process for preparing linear monofunctional and telechelic difunctional polymers and compositions 
obtained thereby. 



(57) This invention relates to a process for preparation of non-crosslinked linear monofunctional and 
telechelic difunctional unsaturated polymers wherein the functional groups, are reactive terminal 
groups other than vinyl groups. The average functionality number of the monofunctional unsaturated 
polymers is at least 0.7, as determined by nuclear magnetic resonance spectroscopy (NMR). The 
average functionality number of the telechelic difunctional polymers is at least 1.6-1.7, as determined by 
NMR. Monofunctional olefins and difunctional olefins are reacted with cyclic olefins or unsaturated 
polymers to prepare dHunctionai polymers. The process is substantially free of side reactions 
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in condensation, addition and transesterifi cation reactions to prepare polyesters, graft copolymers, 
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group is reacted in a self-metathesis reaction to prepare a linear functional olefinic product- The second reac- 
tion (B) comprises a ring-opening polymerization of a cyclic olefin in the presence of the linear difunctional 
olefin product of reaction (A). The product of reaction (B) can be further reacted to prepare difunctional alco- 
hols, acids and amines. 

5 The linear acyclic functional olefin of reaction (A) can be prepared by reacting a monofu notional linear ole- 

fin with a second olefin in a cross metathesis reaction wherein the second olefin is selected from the group 
consisting of a cyclic olefin of from 4 to 30 carbon atoms and an acyclic unsaturated polymer of number average 
molecular weight of up to about 1,000,000. The product of the reaction between the monofunctional olefin and 
a second olefin can be a mixture of species; i.e., monofunctional, difunctional and nonfunctional. 

10 The functional olefin which can be the reaction product of a polymer employed as a reactant in reaction 

(A) of the process of the instant invention can be reacted in reaction (B) in the process reactor in situ without 
separate purification. 

The instant invented process accordingly comprises methods for preparing the precursor functional olefins 
from acyclic and cyclic olefins and unsaturated polymers. Conversion of reactants is at least 10% of theoretical 

15 based on olefinic reactants. 

The invented process utilizes a catalyst composition comprising (a) a transition metal chloride, oxyhalide, 
oxide or ammonium salt, (b) an organic tin compound or aluminum halide reagent, and (c) an organic Lewis 
base, wherein undesired side reactions such as double bond migration are minimized. 

The non-reactivity of certain unsaturated compounds in the olefin metathesis reaction, such as methyl me- 

20 thacrylate, has been documented, K. J. Ivin, Olefin Metathesis , Academic Press, London, N.Y., (1983), 151. 
Dialkyl maleates orfumarates have been reported to be virtually unreactive in olefin metathesis reactions, Ver- 
kuijlen, et al. Reel. Trav. Chim. , Pays-Bas (1977), 96, M86. However, dimethyl-3-hexene^1,6-dioate, which is 
costly and is not commercially available in bulk quantities, has been reported to cross-metathesize with 1,5- 
cyclooctadiene, Reyx, et al. Makromol. Chem. (1982), 183 , 173-183, cyclopentene, Reyx, et al., J. Molecular 

25 Catal. , (1986), 36, 101-105, or norbornene, and has been shown to yield oligomers/poiymers which are not 
high in difunctional purity, Cramail, etal., J. Molecular Catal. , (1991), 65, 193-203. 

It has been found that linear functional acyclic olefins comprising monofunctional unsaturated polymers 
containing groups such as acrylates, methacrylates and undecylenates can be prepared in the presence of 
the catalyst composition of the instant invented process in metathesis reactions of alkyl acrylates or alkyl me- 

30 thacrylates or alkyl undecylenates with acyclic or cyclic olefins. 

In the process of the instant invention, in the presence of reactants comprising cyclic olefins and functional 
olefins such as acrylates or methacrylates or alkyl undecylenates, linear difunctional telechelic unsaturated 
polymers are prepared with at least one internal carbon- to- carbon double bond and ester groups such as ac- 
rylate, methacrylate or undecylenate terminal groups. These linear non-crosslinked difunctional telechelic un- 

35 saturated polymers with reactive terminal groups are suitable for further functional ization or incorporation into 
other polymers for preparation of block copolymers, polyesters, polyamides, polyureas, graft copolymers ther- 
moplastic resins, films, fibers, foams, ion exchange resins, adhesives and flocculants. 

The linear non-crosslinked difunctional telechelic unsaturated polymers prepared by the process of this 
invention are true linear compounds of strictly regular structure with exactly defined terminal groups. Such 

40 polymers with acryiate, undecylenate, and methacrylate endgroups have not heretofore been produced. 

Although acyclic unsaturated compounds containing functional groups have been prepared by the olefin 
metathesis reaction, it has been indicated that when the functional group is too close to the double bond, the 
metathesis reaction does not work. The non-reactivity of methyl methacrylate has been ascribed to this, K. J. 
Ivin, Olefin Metathesis, Academic Press, London, N.Y., (1983), 149-151. It has been found that in the process 

45 of the instant invention, olefinic compounds such as methyl methacrylate can be reacted to prepare mono- 
functional and telechelic difunctional oligomers or polymers by olefin metathesis reactions. 

As is well known, side reactions can occur during olefin metathesis reactions. These side reactions include 
alkylation, isomerization, cyclization and addition across double bonds present in the molecular structure. It 
has been found that in cross-metathesis reactions under the conditions of the present invention, these side 

so reactions are minimal. The average functionality number of monofunctional polymers prepared by the process 
of this invention is at least 0.7 as determined by nuclear magnetic resonance spectroscopy (NMR). The average 
functionality number of telechelic difunctional polymers prepared by the process of this invention is at least 
1.6-1.7, as determined by nuclear magnetic resonance spectroscopy (NMR). 

55 Description of the Prior Art 

Previous procedures to prepare polymeric hydrocarbons having reactive functional terminal groups fre- 
quently have utilized cyclic olefinic compounds in conjunction with a ring opening step. Ofstead, U.S. Patent 
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3,597,403, teaches a process for ring-opening polymerization of unsaturated alicyciic compounds, preferably 
unsaturated alicyciic compounds of a single unsaturated alicyciic ring containing at least four carbon atoms 
and not more than five carbon atoms wherein the carbon-to-carbon double bonds in the ring are not adjacent 
and are non-conjugated in the presence of a catalyst system comprising an aikylaluminum halide, molecular 

5 oxygen, and a compound of tungsten or molybdenum. Streck, et al., U.S. Patent 3,798,175 teaches a process 
for ring opening polymerization of cyclic olefins and forming terminal carbalkoxy groups by employing a catalyst 
system consisting essentially of (1) a tungsten or molybdenum compound, (2) an organoaluminum compound 
(3) an unsaturated carboxylic acid ester. Streck '175 teaches that an unsaturated carboxylic acid ester con- 
taining at least one carbon-carbon double bond varies the molecular weight of the resulting polymer by reaction 

10 with the double bond of the ring-opened cyclic olefin to produce side chains. Streck, et aL, U. S Patent 
3,857,825, discloses a similar reaction in the presence of a polymeric hydrocarbon having anunsubstituted 
non-conjugated ethylene double bond for production of polymeric hydrocarbons having reactive silyl end 
groups by a ring-opening polymerization of a cyclic olefin in the presence of a catalytic amount of a halogenated 
compound of a metal selected from the group consisting of niobium, tantalum, molybdenum, tungsten and rhe- 

15 mum and a halogen, alkoxy, carboxylate or Lewis acid. 

Wagener, et aL Makromol. Chem. 191, 365-374 (1990) reported a successful acylic diene metathesis poly- 
menzation wherein vinyl terminated oligo(octenylene)s were synthesized using a Lewis acid -free catalyst 
W(CH-t-Bu) (N-2,6-C 6 H 3 -i-Pr 2 )(OCMe(CF 3 ) 2 ) 2 , the catalyst taught by Schcock, et al.. J. Am. Chem. Soc . 110,' 
1423 (1988). Ratio of reactant to catalyst was in a mole ration of 500:1. Yields were reported as essentially 

20 quantitative. 

Preparation of difunctional terminated unsaturated polymers by olefin metathesis from a polyene and a 
olefin containing a functional group has been reported by Wagener, et al., Macromolecules. 26, 2137-2138 
(1993); Wagener, et al, Polymer Preprints, 34, 469-470 (1993), using the catalyst taught by Schrock et al J 
Am. Chem. Soc , 110, 1423 (1988) as noted above. ~~ 
The catalyst composition reported as used by Wagener has not been disclosed as commercially available 
and is difficult and expensive to prepare. 

Olefin metathesis Lewis acid catalyst systems have been extensively reported in the prior art. Calderon, 
et al., U.S. Patent 3,597,406, teach the polymerization of hydrocarbon substituted cyclic compounds to prepare 
polymers with side chains by a ring-opening polymerization of hydrocarbon substituted cyclooctadienes in the 
presence of a Lewis acid catalyst system comprising (A) at least one organometallic compound wherein the 
metal is selected from the group consisting of la, lla, lib, and Ilia of the Periodic Table of Elements, (B) at least 
one transition metal salt selected from the group consisting of tungsten and molybdenum halides, and (C) at 
least one compound of the general formula R-Y-H wherein Y is oxygen, H is hydrogen and R is a radical selected 
from the group consisting of (1) hydrogen (2) alkyi, (3) aryl, (4) arylalkyl, (5) alkaryl, (6) alkenyl and radicals 
thereof. Ofstead, U.S. Patent 3,935,179, teaches a ring-opening polymerization of alicyciic hydrocarbons in 
the presence of a Lewis acid catalyst comprising (A) tungsten or molybdenum halides, (B) aikyl aluminum ha- 
lides, and (C) an alcohol which may optionally contain a halogen constituent, and (D) an alcohol which has a 
nitrile substituentfor ring opening polymerization of cycloolefins by cleavage of the carbon-to-carbon double 
bonds. The resulting polymers have repeating units derived from opening of the ring. Similar ring-opening poly- 
merizations of cyclic olefins in presence of a Lewis acid catalyst are also taught in U.S. Patents 3 974 092* 
3,974,094; 4,010,224; 4,020,254; and 4,172,932. 

Olefin metathesis Lewis acid catalyst systems for polymerizing and copolymerizing diolefins have been 
taught in the prior art wherein the catalyst system is comprised of a Lewis acid and a particular compound which 
permits carrying out the polymerization and co polymerization reactions starting with diolefins to give products 
of desired properties. U.S. Patent 4,429,089 teaches a catalytic system for polymerizing and copolymerizing 
diolefins comprising a Lewis acid, an aluminum compound and a particular compound belonging to the lan- 
thanide series to give products having a high content of 1,4-cis units and high molecular weights from aliphatic 
conjugated diolefins such as 1 ,3-butadiene, 1.3-pentadiene, isoprene and their mixtures. U.S. Patent 
4,469,809 teaches a two- part- metathesis catalyst system wherein the first part of the catalyst system is com- 
prised of a metathesis catalyst, preferably, WOCU, WCI 6 , and a Lewis base to moderate the polymerization 
rate of a tungsten/monomer solution, the monomer preferably dicyclopentadiene. The second part of the cat- 
alyst system comprises an activator such as tetrabutyitin, triethyialuminum and similar compounds. The acti- 
vator solution includes an ester, ether, ketone or nitrile which serves to moderate the rate of polymerization. 
Similar catalyst systems are taught in U.S. Patents 4,520, 181; 4,699,963; and 4,918,039 wherein a Lewis base 
was used to moderate the polymerization reaction of a Lewis acid. U.S. 4,918,039 teaches that in the presence 
of a transition metal halide and a catalyst activator comprising an alkyl tin reagent, the presence of a Lewis 
base to stabilize the polymerization reaction can be omitted since an alkyl tin activator is a poorer Lewis acid. 
U.S. Patent 4,977,226 teaches a ring-opening process for polymerizing a norbornene monomer in the presence 
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of a metathesis catalyst system comprising a tungsten compound such as tungsten hexachioride in the pres- 
ence of a Lewis base to prevent premature polymerization. 

K. Ichikawa, et al., J. Org. Chem., 41,2633-2635 (1976) taught use of a Lewis base catalyst as being ef- 
fective for reactions of 1-alkenes using a WCig/B^Sn catalyst with addition of esters, acetonitrile, phenylace- 

5 tylene, dicyclopentadiene and ethers to improve the selectivity to the metathesis reaction by depressing side 
reactions. The reactants were 1-pentene, 1-hexene, 1-heptene, 1-octene and 1-decene. The optimum range 
of the Sn/W mole ratio was from 2:1 to 8:1. The ratio of 1-octene to WC! 6 was 20-400. Products were ethylene 
and a symmetric internal alkene. 

The monof unctional polymers and telechelic difunctional polymers prepared by the process of the instant 

10 invention are prepared by metathesis reactions which are cross-metathesis reactions between acyclic olefins 
or cross-metathesis reactions between cyclic and acyclic olefins. Cross-metathesis reactions have been gen- 
erally classified as being of three categories: (1) exchange of atoms between two olefin compounds to produce 
two different olefins, (2) ring-opening of a cyclic olefin to produce acyclic polymers, and (3) degradation of 
olefin polymers to produce oligomers of lower molecular weight. The reactions of the present invention are of 

15 the three categories. 

With the exception of the teachings of Wagener, Makromoi. Chem. 191, 365-374 (1990); Macromolecules , 
26, 2137-2138 (1993); Polymer Preprints , 34,469-470 (1993), prior investigators have not dealt with the prob- 
lem of preparing monof unctional or difunctional polymers by a metathesis reaction wherein the functional 
groups are terminal reactive groups from acyclic monofunctional olefin compounds and which previously had 

20 been found non-reactive in a metathesis reaction. As detailed above, Lewis acid catalysts are taught in the 
preparation of oiefinic compounds via a ring opening reaction. The effect of the presence of Lewis base upon 
the rate of polymerization by a Lewis acid of an oiefinic compound has been recognized but there has been 
no teaching or inference that a metathesis catalyst system comprising a Lewis acid, an activator and a Lewis 
base can be used to prepare monofunctional or difunctional polymers by cross-metathesis reactions between 

25 acyclic olefins and between acyclic olefins and cyclic olefins. 

It is therefore an object of this invention to provide a metathesis catalytic process for preparing linear mono- 
functional and telechelic difunctional polymers having atleast one internal carbon- to- carbon double bond from 
monofunctional olefins wherein the functional groups are terminal reactive groups and the average function- 
ality of a monofunctional polymer is at least 0.7 and of a difunctional polymer is at least 1 .6-1 .7, as determined 

30 by NMR. It is further an object of this invention to provide monofunctional and difunctional unsaturated poly- 
mers wherein the functional groups are reactive terminal groups and thus are positioned for further functio- 
nal ization and/or incorporation into otherreactive compounds. It is further an object of this invention to prepare 
mono- and difunctional polymers wherein the functional component comprises a terminal functional group, 
particularly an ester group such as an acrylate group, methacrylate group, or undecylenate group. The reactive 

35 terminal groups can be reacted to prepare block copolymers, polyurethanes, polyesters, poly amides, polyur- 
eas, and polyacrylics, for such applications as coatings, adhesives, sealants, elastomers, fibers, foams, ther- 
moplastic and thermosetting resins. 

It is therefore an object of this invention to prepare functional polymers from monofunctional olefins where- 
in the monofunctional olefin heretofore has been taught as unreactive in an olefin metathesis reaction. 

40 

Summary of the Invention 

This invention relates to a process for preparation of non-cross I inked linear telechelic functional unsatu- 
rated polymers of high functional purity wherein the functional groups are reactive terminal groups. The aver- 

45 age functionality of the monofunctional polymer is at least 0.7, as determined by NMR. The average terminal 
functionality of the difunctional polymers is at least 1 .6-1 .7, as determined by NMR. The process in the pres- 
ence of a particular catalyst system also comprises the conversion of monofunctional olefins to difunctional 
olefins or to polymeric functional olefins which are then reacted with cyclic olefins or unsaturated polymers to 
prepare low molecular weight difunctional polymers. The process is substantially free of side reactions com- 

50 prising double bond migration and cyclization. The catalyst comprises a composition of a transition metal chlor- 
ide, oxychloride, oxide, or ammonium salt, an organic tin compound or an aluminum halide, and an organic 
Lewis base. This invention also relates to the no n-crossl inked linear mono- and telechelic difunctional unsa- 
turated polymers of high functional purity prepared by the process of this invention. The monofunctional and 
difunctional telechelic unsaturated functional polymers prepared by the process of this invention wherein the 

55 functional groups are terminal reactive groups can be further reacted to prepare block copolymers, graft co- 
polymers, polyurethanes, polyesters, polyamides, and polyureas, for such applications as coatings, adhesives, 
sealants, elastomers, films, fibers, foams, thermoplastic and thermosetting resins. 
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Detailed Description of the Invention 

This invention relates to a process for preparation of non-crosslinked linear monofunctional polymers in 
a first reaction and telechelic polymers of high difunctional purity by olefin metathesis reactions in a second 
reaction, and to the compositions obtained thereby. The first reaction (A) of the process of this invention com- 
prises an acyclic olefin metathesis reaction wherein linear acyclic olefins containing up to 30 carbon atoms 
and each containing at least one functional group selected from the group consisting of a nitrile, ester, acyl 
halide, ketone, aldehyde, borane, amide, acid anhydride, ether, imide, halogen atom, alkene, alkyne, and sub- 
stituted aryl group of up to an additional 30 carbon atoms, are reacted to prepare linear mono- and difunctional 
olef inic products. The second reaction (B) comprises a ring-opening polymerization of a cyclic olef in in the pres- 
ence of the linear mono- and difunctional olefin products of reaction (A). The compositions obtained thereby 
can be further reacted in condensation polymerization reactions to form macromolecules, transesterification 
reactions to prepare alcohols, or amination reactions to form amines, which, in turn, can be further reacted to 
prepare additional compounds suitable for further reactions. 

Non-crosslinked linear mono- and telechelic polymers obtained by the process of this invention are defined 
as polymers consisting essentially of strictly linear hydrocarbon chains comprising repeating units of 3 to 30 
carbon atoms, said hydrocarbon chains without any side chains or pendant groups which would cause cross- 
linking. The number of repeating units can be from 3 to about 10,000. 

Non-crosslinked linear monofunctional polymers prepared by the process of this invention are defined as 
monofunctional polymers having one terminal functional reactive group and an average functionality number 
which is at least 0.7, as determined by NMR. Non-crosslinked linear difunctional telechelic polymers prepared 
by the process of this invention are defined as difunctional polymers containing two terminal functional end- 
groups and the average functionality number is at least 1 .6-1.7, as determined by NMR. The terminal functional 
end-groups are specifically defined as reactive terminal groups. The monofunctional and difunctional poly- 
mers prepared by the process of this invention are further defined as having a predominant absence of non- 
functional terminal end-groups. The functionality numbers refer to the number of terminal functional groups 
of the hydrocarbon chains of the polymers prepared by the process of this invention. 

Methyl acrylate and methyl methacrylate do not react in self- metathesis reactions to prepare dimers of 
methyl acrylate and methyl methacrylate but alkyl undecylenates do react in a self-metathesis reaction. Methyl 
acrylate and methyl methacrylate therefore are unsuitable as self-metathesis reactants for reaction (A) but are 
suitable as reactants with an acyclic hydrocarbon polymer in reaction (A) and as reactants for reaction (B) 
whereas alkyl undecylenates can react in a self-metathesis reaction in reaction (A) and are suitable reactants 
for both reaction (A) and reaction (B). In the preparation of a polymer comprising a linear functional unsaturated 
polymer with terminal reactive moieties comprising acrylate and methacrylate moieties, the instant invented 
process comprises reaction (B). 

Accordingly, a linear acyclic functional olefinic composition which can comprise a mixture of monofunc- 
tional, difunctional, and nonfunctional compounds is suitable for use in reaction (A) wherein the functional 
group is either an acrylate group or a methacrylate group or an undecylenate group e.g., methyl acrylate or 
methyl methacrylate or methyl undecylenate, and the other reactant is an acyclic unsaturated hydrocarbon 
polymer of number average molecular weight of up to about 1,000,000. The reaction is in the presence of a 
catalyst composition comprising a transition metal chloride, oxyhalide, oxide or ammonium salt, an organic tin 
compound or aluminum halide reagent, and an organic Lewis base. In reaction (B), the resulting mixture can 
be reacted with a cyclic olefin to prepare a difunctional oligomer or polymer without purification of the mixture. 

Surprisingly and unexpectedly, it has been found that acrylate, or methacrylate, or undecylenate-termin- 
ated functional polymers can be prepared in the presence of the above catalyst. The functional acyclic olefin 
can serve as the Lewis base. The ratios of the three catalyst components are in the range of from about 
1.0:0.1:0.1 to about 1.0:20:1000. In reaction (B) the acyclic olefin containing a functional group is also a chain 
terminating agent. Product molecular weight is controlled by the molar ratio of the cyclic olefin reactant and 
the functional olefin reactant in reaction (B). The molar ratios of the two reactants are in the range of from 
about 1 :1 to 1 0,000:1 , cydic olefin to functional acyclic olefin. A low molar ratio yields lower molecular weight 
products, while a higher ratio yields higher molecular weight products. 

The olefin metathesis process of the instant invention for preparation of monofunctional unsaturated poly- 
mers and telechelic difunctional unsaturated polymers wherein the functional groups are reactive terminal 
groups and the average functionality of the monofunctional polymers is at least 0.7 and of the difunctional 
oligom rs and polymers is at least 1 .6-1 .7, as determined by NMR, is especially suited for preparation of poly- 
mers by metathesis reaction with certain unsaturated compounds such as methyl methacrylate previously con- 
sidered non-reactive in a metathesis reaction. 

Accordingly, the process of the instant invention utilizes a metathesis reaction between acydic olefins 
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which may be the same or different olefins to prepare an acyclic functional olefin, and a metathesis reaction 
between an acyclic difunctional olefin produced thereby and a cyclic olefin, or unsaturated polymer, the proc- 
ess reactions being in one and two steps, i.e., olefins possessing functional groups are metathesized to yield 
a mono-or difunctional olefin which is metathesized in a second step with a cyclic olefin or an unsaturated 

5 polymerto yield a difunctional polymer product The olefin possessing a functional group also can be prepared 
by metathesizing a cyclic olefin of up to 30 carbon atoms or an unsaturated high molecular weight polymer 
with a monof unctional olefin such as methyl methacrylate or methyl acrylate or methyl undecylenate by a 
cross-metathesis reaction. 

The following general reactions wherein X is a functional group other than a vinyl group and R is a portion 

10 of a cyclic molecule or a linear carbon chain of a molecule of up to 30 carbon atoms illustrate the process of 
the invention: 



C=C(R-C=C-) n -X 

Monofunctional 
Polymer 

wherein n is a number from 1 to about 10,000 
and 

25 (R-C-C-) k + n (C=C-X) > n [C=C-(R-C=C) Mn -X] 

High Mol. Functional Catalyst Low Mol. 

Wgt Polymer Olefin Wgt. Polymer 

30 

wherein k is a number from 1 to about 200,000 and n is a number from 1 to about 10,000 

The process of the instant invention can use a ring-opening metathesis reaction of a cyclic olefin in the 

presence of a functional olef in or a metathesis reaction of an unsaturated high molecular weight polymer with 

a functional olefin at a temperature of from about 0°C to about 200°C and a pressure from about 1 x1CH mm 
35 Hg to about 30 atmospheres. 

The two reactions of the invented process to prepare the non-crossl inked linear telechelic oligomers and 

polymers are by the following reactions: 



15 



n 



" R 

( ) 
C=C 



+ c=c-x 



Cyclic Olefin 



20 



Functional Catalyst 
Olefin 



40 



1) 2(R-C=C-X) -> X-C-C-X 

Monofunctional Catalyst Difunctional 
Olefin Olefin 



R-C=C-R 



45 and 



2) X-C=C-X + n (-C=C-R-) 



--> X-(-C=C-R-) n -C=C- 



50 



Difunctional 
Olefin 



Cyclic Catalyst Difunctional 
Olefin Polymer 



55 



wherein n is a number from 1 to about 10,000. 

The process reactions can be performed sequentially, including the preparation of the precursor com- 
pounds, with or without isolation and purification of the products of each step. If desired, the same reaction 
vessel can be employed for both reactions. All reactions should be liquid phase reactions, using neat liquid 
reactants, solvents, or diluents. 
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The invented process utilizes a catalyst composition comprising (a) a transition metal chloride, oxyhaiide, 
oxide or ammonium salt, (b) an organic tin compound or aluminum halide reagent, and (c) an organic Lewis 
base wherein undesired side reactions such as double bond migration are minimized. 

As the transition metal catalyst component, (a), there can be mentioned halides, oxyhalides, oxides and 
organic ammonium salts, preferably of tungsten, ruthenium, molybdenum, rhenium and tantalum. As preferred 
examples, there can be mentioned tungsten compounds such as tungsten hexachloride, tungsten oxytetra- 
chloride, tungsten oxide, tridodecylammonium tungstate, methyl tricapryl ammonium tungstate, tri(tridecyi)am- 
monium tungstate and trioctyl ammonium tungstate, molybdenum compounds such as molybdenum penta- 
chloride, molybdenum oxytrichloride, tridecylammonium molybdate, methyltricapryl ammonium molybdate, 
tri(tridecyl)ammonium molybdate and trioctylammonium molydate, rhenium compounds such as rhenium pen- 
tachloride, rhenium oxide, rhenium oxide supported on an oxide such as alumina, silica, or silica-alumina, rhe- 
nium oxide together with a promoter such as boron oxide on an oxide support, and tantalum compounds such 
as tantalum pentachloride. 

Organic tin compounds, alkylaluminum halides, alkoxyalkylaluminum halides and aryloxy-alkyl aluminum 
halides can be used as the activator (b). As preferred examples, there can be mentioned tetra butyl tin, tetra- 
methyltin, tetraethyltin, tetraphenyltin, ethylaluminum dichloride, diethylaluminum monochloride, ethylalumi- 
num sesquichloride, diethylaluminum iodide, ethylaluminum diiodide, propylaluminum dichloride, propylalumi- 
num diiodide, isobutylaluminum dichloride, ethylaluminum dibromide, methylaluminum sesquichloride, methy- 
laiuminum sesquibromide, and precondensates of alkylaluminum halides with alcohols. 

The Lewis base (c) useful in this invention includes linear functional olefins having at least one functional 
terminal reactive group as a reactant in reaction (A), ethers, esters, nitriies, ketones, amides, amines, alkynes, 
phosphorus compounds, and alcohols, of up to 30 carbon atoms. Examples are alkyl and aryl acetates, alkyl 
acrylates, alkyl methacrylates, alkyl undecylenates, acetonitrile, benzonitriles, acrylonitriles, acetylacetone, 
tetrahydrofuran, pyridine, N,N'-dimethylforrnamide, thiophene, ethyl ether, propyl ethers, diphenyl ether, trie- 
thylamine, phenylacetylene, organic phosphorus compounds of from 1 to 30 carbon atoms and monohydric 
and dihydric alcohols of from 1 to 30 carbon atoms such as methyl alcohol, ethyl alcohol, n-propyl alcohol, iso- 
propyl alcohol, n-butyl alcohol, isobutyl alcohol, tert-butyi alcohol, n-pentyl alcohol, isopentyl alcohol, 2-me- 
thyl-1-butyl alcohol, 2-methyl-2-butyl alcohol, n-hexyl alcohol, n-heptyl alcohol, n-octyl alcohol, isooctyi alco- 
hol, 2-ethyihexyl alcohol, n-nonyl alcohol, n-decyl alcohol, 1,5-pentanediol, 1 ,6-hexanediol, ally! alcohol, crotyl 
alcohol, 3-hexene-1-ol, citronelloi, cyclopentanol, cyclohexanoi, salicyl alcohol, benzyl alcohol, phenethyl al- 
cohol, cinnamyl alcohol, and the like. The Lewis base (c) is preferably an ester, such as an alkyl acetate, instead 
of an alcohol. A nitrile such as acetonitrile is preferable to pyridine. 

The functionalized olefin having at least one functional reactive group contains at least one or more re- 
active moiety selected from the group consisting of a nitrile, ester, acyl, acid, halide, ketone, aldehyde, borane, 
acid anhydride, ether, amide, imide, halogen atom, alkene, aikyne, moiety, and substituted aryl moieties of up 
to 30 carbon atoms containing at least one reactive substituent Olef inic unsaturates of the above-named Lewis 
base compounds can suitably serve as the functional olefin reactant. Typically, the preferred functional olefins 
contain no more than about 30 carbon atoms per molecule. Suitable functional olefins for use in the process 
of the instant invention include 1,5-hexadiene, 1 ,9-decadiene, 1,5,9-decatriene, 1,3-butadiene, divinylben- 
zene, and mixtures thereof, methyl acrylate, methyl methacryiate, methyl or ethyl 2,4-hexadienoate, ethyl cin- 
namate, 4-penten-1-yl acetate, methyl or ethyl vinyiacetate, isobutyl vinylacetate, cyclohexyl vinylacetate, phe- 
nyl vinylacetate, methyl or ethyl 4-pentenoate, amyl 4-pentenoate, benzyl 4-pentenoate, propyl 3-decenoate, 
methyl 10-undecenoate, ethyl 1 O-undecenoate, methyl oleate, ethyl oleate, butyl oleate, methyl isooleate, ethyl 
6-octadecenoate, butyl 6-ocatdecenoate, ethyl elaidate, butyl elaidate, methyl brassidate, methyl linolate, die- 
thyl 2-allylmalonate, ally acetate, oleyl acetate, 3-hexenyl acetate, oleyl oleate, 2-hexenyl 2-methyl propionate, 
3-hexenyl valerate, 2-hexenyl acetate, aliyl propionate, oleyl benzoate, 9-octadecenenitriie, 6-octadeceneni- 
trile, 3-butenenitrile, 1 ,4-dicyano-2-butene, 4-pentenenitrile, octadecenedinitrile, 9,12- octadecadiene nitrile, 
9-decenenitrile, 10-undecenenitrile, 9-octadecenyt ethyl ether, 9-octadecenyl isopropropyl ether, crotyl isopro- 
pyl ether, trimethylallyloxysiiane, allylanisole, aJlyl phenyl ether, 8-heptadecenyl ethyl ketone, 5-heptadecenyl 
ethyl ketone, 5-hexen-2-one, 6-methyl-5-hepten-2-one, N,N-diethyloleamide N,N-diethylvinylacetamide, alkyl 
acrylates, alkyl methacrylates, alkyl undecylenates, 3-buten-1-yl acetate, vinyl acetate, and alkyl sorbates. 

In general, any cyclic olefin of from 4 to about 30 carbon atoms can be polymerized in the presence of a 
functionalized olefin in the process of this invention. The cyclic olefins include both mono- and polycyclic un- 
saturated hydrocarbon, compounds. Representative examples of polycyclic unsaturated hydrocarbon com- 
pounds include norbornene, norbornadiene, 2,2,2-bicyclooctene-2, dicyclopentadiene and the like. 

The preferred unsaturated aiicyclic compounds of this invention are those comprising a single unsaturated 
alicyclic ring. These aiicyclic rings may be mono- or multi- substituted by such groups as alkyl, aryl, arylalkyl, 
and halogen groups. 
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Representative examples of unsaturated alicyclic compounds containing a single alicyclic ring having at 
least 4 and not more than 5 carbon atoms in the cyclic ring and containing one double bond in said ring are 
cyclobutene and cyciopentene. Representative examples of unsaturated alicydic compounds containing at 
least seven carbon atoms in the cyclic ring and containing one or more non-conjugated carbon-to-carbon dou- 

5 ble bonds in the cyclic ring include cyclooctene; 1,4- and 1 ,5-cyclooctadiene; 1 ,4,7-cyclononatriene, cyclode- 
cene, cyclododecene, 1,4-, 1,5- and 1,6-cyclodecadiene: 1 ,4-, 1,5-, 1,6- and 1 ,7-cyclododecadiene; 1,4,7- and 
1 ,5,9-cyclododecatriene and the like. 

The most preferred unsaturated alicyclic compounds of this invention are those containing from one to 
three carbon-to-carbon double bonds in the ring and in which the double bonds are located in relation to each 

10 other in a manner that they are not adjacent and are non-conjugated. Representative examples of such pre- 
ferred materials are cyclobutene, cyciopentene, cyclooctene, cyclododecene, and 1,5-cyclooctadiene, 1 ,5,9- 
cyclododecatriene and 1,9,17-cyclotetracosatriene. 

Representative examples of substituted alicydic compounds are alkyl-substituted compounds such as 1- 
methyl- 1,5-cyclooctadiene; aryl-substituted compounds such as 3-phenyl-1-cydooctene; aralkyl-substituted 

15 compounds such as 3- benzyl- 1 -cyclooctene; alkaryl-substituted compounds such as 3-tolyl-1 -cyclooctene 
and halogen-substituted compounds such as a 5-chJoro-1 -cyclooctene, 1-chloro-1 ,5-cyclooctadiene; 5-chloro- 
1-cyclododcene and 5, 6-dichloro-1 -cyclooctene. Mixtures of the unsaturated alicyclic compounds may be poly- 
merized, including both substituted unsaturated alicyclic compounds and the unsubstituted unsaturated ali- 
cydic compounds. 

20 The olefinic polymer useful as a reactant can be high molecular weight polybutadienes, polyisoprene, butyi 

rubber, and the like, and mixtures thereof. 

The metathesis catalyst comprising (a), the transition metal compound, is used in an amount of about 0.01 
to about 50 millimoles, preferably 0.1 to 10 miliimoles, of metal per mole of the olefin reactant. The activator 
(b) is used at a molar ratio of from 0.001 to 200:1 preferably from about 0.1 to about 10, per mole of the catalyst 

25 component (a). The organic Lewis base is used at a molar ratio of from about 0.1:1 to about 10,000:1 moles, 
preferably from about 1:1 to about 100:1 per mole of the catalyst component (a). 

Preferably both the metathesis catalyst and the activator are used when dissolved or suspended in the 
reactants, but the catalyst and activator can be used when suspended or dissolved in a small amount of a sol- 
vent, as long as the properties of the product are not substantially degraded. Preferred solvents are benzene, 

30 toluene, xylene, pentane, hexane, heptane, cyclohexane, methylcyclohexane, chlorobenzene, dichloroben- 
zene, and mixtures thereof. 

Any reagent for deactivating the activator or the metathesis catalyst system, for example, an alkylaluminum 
chloride, or the catalyst component of the metathesis catalyst system, for example, a tungsten compound cat- 
alyst or a molybdenum compound catalyst, can be used as the stopper for the polymerization reaction. As pre- 

35 ferred examples, there can be mentioned alcohols such as methanol, ethanol, n-propyl alcohol and n-butanol, 
amines such as ammonia, organic acids such as acetic acid and propionic acid, oxygen, carbon dioxide, and 
water. 

If an appropriate amount of an alcohol is used as the stopper for the reaction, only the activator such as 
an aluminum compound is deactivated but the catalyst component such as a molybdenum catalyst is left in 

40 the liquid product in a reusable state. Of course, a stopper capable of deactivating both of the activator and 
the catalyst component can be used. In the polymerization reaction, the metathesis catalyst component is used 
in an amount of 0.01 to 50 millimoles, preferably 0.1 to 10 millimoles, per mole of the monomers as a whole. 
The activator (is used at a molar ratio of from 0.01 to 200, preferably from 1 to 10, to the catalyst component. 
It is sufficient if the stopper for the polymerization reaction is used in an amount enough to deactivate the cat- 

45 alyst system. The amount differs according to the kind of the activator or the catalyst component, but the 
amount can be easily determined by preliminary experiments. For example, where a dialkylaluminum halide 
is used as the activator and an alcohol is used as the stopperforthe viscosity-increasing reaction, it is sufficient 
if the alcohol is used in an amount of at least 2 moles per mole of the activator. 

The metathesis polymerization is preferably performed in liquid phase, with catalyst components dissolved 

50 or suspended in a solvent or liquid olefin reactant. Reaction temperatures are preferably from about 0°C to 
200°C. Pressure can be in the range of from about 1 x 10- 6 mm Hg to about 30 atmospheres, preferably from 
about 1 x 10- 6 mm Hg to about 1 atmosphere. Any light olefin coproduct (ethylene in the case of polyene re- 
actants with terminal carbon-to-carbon double bonds) should be removed efficiently to drive the reaction to 
high conversion. 

55 In the practice ofthis invention, the catalyst composition preferably comprises a tungsten metal chloride, 

a tetraalkyltin reagent and an organic Lewis base selected from the group consisting of the functional olefin 
reactant, an alkyl acetate, a nitrile, and an ether. Inasmuch as the tungsten catalyst in the presence of an ac- 
tivator such as a tetraalkyltin compound, in the absence of a Lewis base, can catalyze side reactions in a meta- 
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thesis reaction of an olefin compound, a sequence of mixing the components of the catalyst system is preferred. 

The tungsten compound is preferably suspended or dissolved in a small amount of a suitable solvent, pre^ 
ferably in an olefin monomer if the tungsten compound is soluble in the monomer. An alcoholic or phenolic 
compound is also suitable, phenolic compounds being preferred over an alcoholic compound. Suitable phenolic 
compounds include phenor, alkyl phenols, and halogenated phenols, with tert-butyl phenol, tert-octyl phenol 
and nonyl phenol most preferred/The preferred molar ratio of the tungsten compound/phenolic compound is 
from about 1:1 to about 1:3. The tungsten compound/phenolic compound solution can be prepared by adding 
the phenolic compound to the tungsten compound, stirring the solution and then blowing a stream of a dry 
inert gas through the solution to remove any hydrogen chloride. 

The addition of the Lewis base or a chelating agent can be in an amount of from about 0. 1 to about 1 0,000 
moles of Lewis base or chelating agent per mole of tungsten compound. Preferred chelants include acetyla- 
cetone and alkyl acetoacetates where the alkyl group contains from 1 to 10 carbon atoms. Preferred Lewis 
bases include nitriles, ethers and esters such as alkyl acetates, benzonitrile, acetonitrile, tetrahydrofuran. 

In some metathesis reactions, one of the products of the metathesis reaction is an olefin of a lower mo- 
lecular weight than the starting monomer. In the instant process, it has been found that removal of the olefin 
of the lower molecular weight is essential to obtain high reaction conversion. This may be accomplished by 
suitable means such as purging the reaction vessel with inert gas, by applying a low or high vacuum to the 
system, or by any combination of these methods during the reaction, including the omission of one or more of 
these procedures, the said steps being in any sequence and capable of being omitted individually. The inert 
gas can comprise nitrogen, the low vacuum from about 1 mm Hg to about 400 mm Hg, and the high vacuum 
to about 1 xlO- 6 mm Hg. 

Color bodies comprising catalyst residue, measured as the presence of tungsten in parts per million (ppm) 
can impart a color, which may be unacceptable, to polymers prepared by the process of the metathesis reac- 
tions using a catalyst comprising a tungsten metal chloride, a tetraalkyltin reagent and an organic Lewis base. 
Despite treatment and filtration of the polymer product with paper and fiber glass filtration procedures or treat- 
ment with diatomaceous earth to remove particulate matter, the filtered and treated polymer product can retain 
an unacceptable color which is typically a yellow to a dark orange yellow variable color of amber hue. It has 
been found that reduction of the presence of tungsten to less than 1 00 ppm, as measured by inductively cou- 
pled plasma spectroscopy (ICP), results in a polymer free of a predominant color. This may be accomplished 
by suitable means such as treatment^ the color-containing polymer in a suitable solvent with activated char- 
coal. The treatment with activated charcoal can be at room temperature and can be for an extended period. 
Any solvent which can dissolve the polymer and which can be removed easily by evaporation can be suitable. 

Graft copolymers can be prepared by reacting linear non-crosslinked mono functional unsaturated poly- 
mers with a reactive terminal group wherein the terminal group is an ester moiety with excess vinyl or acrylic 
monomer to prepare a macromolecule copolymer with a graft-type architecture. Similarly, a block copolymer 
can be prepared by reacting linear non-crosslinked dif unctional unsaturated polymers with reactive terminal 
groups in a block-type architecture wherein the terminal groups are ester moieties with excess unsaturated 
monomer such as styrene, isoprene, and butadiene. 

Preparation of polyurethane polymers, high molecular weight polyester polymers, polyamide polymers and 
polyurea polymers from the ester-terminated polymers prepared by the process of this invention can be by 
procedures well-known in the prior art including well-known catalysts. The following procedures and catalysts 
are illustrative. 

Low molecular weight dialcoho! oligomers suitable for preparation of linear segmented polyurethanes of 
thermoplastic characteristics can be prepared by reacting linear non-crosslinked difunctional unsaturated die- 
ster oligomers with reactive terminal groups in a transesterification reaction wherein each terminal group is 
the same ester moiety with a large excess of a suitable alcohol of from 1 to 30 carbon atoms, preferably 1 ,6- 
hexanediol, 1.4-butanediol, 1,2-ethanediol, to end-cap the diester with a terminal alcohol moiety, at a temper- 
ature within the range of from about 100°C to about 250°C and a pressure of from atmospheric to about 0.005 
mm Hg. Mole ratio of diester to alcohol can be in the range of from at least 1 :5 to 1 : 1 000, preferably from about 
1:5 to about 1:50 to reduce the physical volume of the required reactants. The transesterification catalyst can 
be selected from the group consisting of titanium (IV) butoxide, titanium (IV) propoxide, dibutyltin dilaurate, 
tin octoate and other catalysts well-known as useful for a tranesterification reaction. Reaction of th low mo- 
lecular weight diol, the oligomer encapped with terminal alcohol moieties, with an isocyanate at a temperature 
within the range of from about 20°C to about 250°C at atmospheric pressure enables direct preparation of a 
linear segmented polyurethane of thermoplastic characteristics. Useful isocyanates include toluene diisocyan- 
ate (TDI), crude methylene bis(4-phenylisocyanate) (MDI), hexamethylene diisocyanate, various polymeric iso- 
cyanates, and different types of blends such as TDI/crude MDI. Polyurethane-forming catalysts are used to 
speed up and control the rate of reaction. Typical catalysts are tertiary aliphatic amines such as triethylamine, 
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stannous oleate, dibutyltin diiaurate, dibutyltin di-2-ethyl hexoate, 1 ,4-diazabicyclo-<2,2,2)-octane and tin oc- 
toate. 

Similarly to the procedure noted above for preparation of polyurethane polymers by preparing polyols, high 
molecular weight polyester polymers can be prepared by reacting linear telechelic difunctional unsaturated 

5 polymers prepared by the process of the instant invention, the said polymers containing terminal functional 
reactive groups comprising ester moieties reacted in a transesterification reaction with a linear diaicohol of 
from 1 to 30 carbon atoms in the presence of a transesterification catalyst at a temperature with in the range 
of from about 20°C to about 250°C and a pressure of from about 0.005 mm Hg to about 30 atmospheres. The 
transesterification catalyst can be as listed above. 

10 Polyamides can be prepared by reaction of an oligomer end-capped with terminal ester moieties prepared 

as above, with a stoichiometric molar excess of up to 1000:1 of a linear diamine of from 1 to 30 carbon atoms 
in a condensation reaction in the presence of a condensation catalyst at a temperature within the range of from 
about 100°C to about 250°C at a pressure of from about 0.005 mmHg to about 30 atmospheres. The conden- 
sation catalyst can be selected from the group consisting of potassium carbonate, sodium methylate, sodium 

15 hydroxide or pyridine. 

Poiyurea polymers can be prepared from linear telechelic difunctional unsaturated polymers prepared by 
the process of the instant invention, the said polymers having at least one internal carbon-to-carbon double 
bond and containing terminal functional reactive groups other than vinyl groups, the said terminal functional 
reactive groups comprising ester moieties selected from the group consisting of acrylate moieties, methacry- 

20 late moieties and undecylenate moieties, the process comprising; a) preparation of a difunctional diamine lin- 
ear telechelic unsaturated polymer composition by reaction of said linear telechelic difunctional unsaturated 
polymer containing said ester moieties with a stoichiometric molar excess of up to 1000:1 of a linear diamine 
of from 1 to 30 carbon atoms in an amination reaction in the presence of an amination catalyst at a temperature 
within the range of from about 100°C to about 250°C at a pressure of from 0.005 mm Hg to about 30 atmos- 

25 pheres: and b) reacting the said difunctional diamine linear telechelic unsaturated polymer prepared as in (a) 
with an isocyanate in the presence of an amination catalyst at a temperature within the range of from about 
0°C to about 300°C at a pressure within the range of from 0.005 mm Hg to 30 atmospheres to prepare a poly- 
urea polymer. The ester group is preferably an undecylenate group and the linear diamines are preferably se- 
lected from the group consisting of 1 ,2-ethanediamine, 1 ,4-butanediamine, and 1 ,6-hexanediamine. The amin- 

30 ation catalyst can be selected from the groups consisting of protic acids such as sulfuric acid. 

Accordingly, the instant invention comprises an olefin metathesis process for preparing non-cros si inked 
linear mono- and difunctional telechelic polymers and to the polymers obtained thereby wherein the chain ter- 
minal groups are functional reactive groups wherein said process comprises, optionally, two reactions, the first 
reaction (A) comprising an olefin metathesis reaction of acyclic olefins characterized as containing at least one 

35 functional group selected from the group consisting of a nitrile, ester, acid, acyl haiide, ketone, aldehyde, bor- 
ane, amide, acid anhydride, ether, imide, halogen atom, alkene, alkyne, and a substituted aryl group of up to 
30 carbon atoms containing at least one reactive substituent to prepare a linear mono- or difunctional oief inic 
product, having at least one functional terminal reactive moiety, the second reaction (B) comprising a ring- 
opening polymerization of a cyclic olefin of from about 4 to 30 carbon atoms in the presence of a linear func- 

40 tional olefin having at least one functional terminal reactive moiety selected from the group consisting of the 
product of reaction (A), methyl acrylate, methyl methacrylate and alkyl undecylenates, wherein said reactions 
(A) and (B) are metathesis reactions in the presence of a catalyst composition comprising (a) a transition metal 
compound selected from the group consisting of halides, oxyhalides, oxides and organic ammonium salts, pre- 
ferably of tungsten, ruthenium, molybdenum, rhenium or tantalum; an activator (b) selected from the group 

45 consisting of organic tin compounds, alkylaluminum halides, alkoxyalkyl aluminum halides and aryloxy-alkyla- 
luminum halides; and an organic Lewis base (c) selected from the group consisting of esters, ethers and nitriles 
of up to 30 carbon atoms, and other organic Lewis bases, preferably comprising alkyl acetates, acetonitrile, 
acetylacetone, tetrahydrofuran, pyridine, N.N'-dimethyiformamide, thiophene, diphenylether, triethylamine, 
and organic phosphorus compounds, wherein said catalyst (a) is present in an amount of from about 0.01 to 

50 about 50 millimoles metal per mole of said reactants, activator (b) is present in a molar ratio to metathesis cat- 
alyst (a) of from about 0.001:1 to about 200:1, and organic Lewis base (c) is present in a molar ratio to meta- 
thesis catalyst (a) of from about 0.1:1 to about 10,000:1. The acyclic olefin can be selected from the group 
consisting of olefinic compounds of up to about 30 carbon atoms and unsaturated polymers. 

The instant invention also comprises the linear mo nofunctional and telechelic difunctional polymers and 

55 compositions derived therefrom, particularly linear segmented polyurethanes of thermoplastic characteristics, 
high molecular weight polyester polymers, polyamides and polyureas. 
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Example 1 



The following illustrates the preparation of unsaturated polymers by acyclic olefin metathesis 
„nJ f^ 6n t ° luene , solvents < Aldricn Chemi <*' Co., Milwaukee. Wl., HPLC grade) were purified by pas- 
sage through a column of s.lica gel and 13X sieves, and stored over 4A sieves. Propy acetate and tetrame 
thylt.n were dried over 4A sieves. 1 ,5-Hexadiene (98%, Aldrich) was purified by distinction passage th ouch 
a column of silica/13X sieves, and storage over 4A sieves. passage through 

A 250-mL three-neck round-bottom glass flask (with magnetic stirbar) was fitted with a reflux condenser 
on one neck) and stopcock adapters (on the other necks). The apparatus was purged with a n^ragen flow 

otlTJ, h ° Ut,et 3t tOP ° f the C ° ndenSer throu 9 h an oil "A- A cataU so uKn was 

prepared by dissolving, in order. 0.80 g tungsten hexachloride (2 mmol), 0 92 mL prenyl acetaL fft ! 

0*6 mLtetramethyltin (4 mmol) in 100 mL benzene under nitrogen. The solution ZchargedlntoThe ove 

desenbed glass apparatus by cannu.ation under nitrogen. 1,5-Hexadiene (20.0 mL, 1 68 mmol) was aode vfa 

HmTaslo 3 < fT* ^ * ^ ^ ^ mM *« at reflu * f °' 25 hous during wh.ch 

time a slow flow of nitrogen was maintained through the apparatus. GC (FID) analyses of eff luen gas detected 
the presence of s.gnif ,oant quantities of ethylene during the firstfew hours of reflux; no other hydrSrbon qls 
ZThZ T T 6XCePt 1 ' 5 - heXadiene isomers «« ^ected. After 20 hours of reflux, evo ution^hy- 
after 25 hours " ^ heXadie " e C ° nVerSi ° n WaS eSt '' mated at 9reater than 95% " Hea «"9 «™ ^ 

f.rr^ Tfr 9 ,' SOlUti ° n W3S br0W " CO, ° red 3nd "° P reci P ite 'e was observed. The solution was trans- 
ZtV^ V « Er enm T r ' ' aSk - Methan °' (1 L) W3S 3dded s,OW, y whi,e stim "9. a " d a precipitate Jmed after 
l ^rZ 5 t 0 h mLmethano1 had been added - The solution wasdecanted off, and the precipLe was o^ssdved 
tTanSl TT to 3 beaker ' and isola * d by evaporation of the dich.oromethane atroomtm 
perature. The rescue weighed 6.4g. The brown, very viscous residue was washed with methanol and dissolved 
hhT™ ? d,Ch,0r0metnane - The so '"«on was concentrated to a volume of 10 mL, methane. ( 00 mU 
was added, and the precipitate was isolated by decantation of remaining f.uid. The brownish residue was drTed 

°wl f Zl tZ " TT" 1 ° Ven ' yfe,din9 5 " 5 9 ° f 3 br ° Wn S ° iid with a viscous . — V consSen^ 
It was fully soluble in chloroform and in dichloromethane. (Sample No 15103-175-1) 

h ra Hon! eClJ H ' T' 9ht ,T ' ySiS ° f PrOdU0t WaS P erformed ^ Q PC (with THF solvent and polystyrene cali- 
brat.on) and md.cated the material to be a polymer with M n = 2974, IvL, = 7224, and polydipersity = 2 43 

R s P ectrum of | ne nea * Product was obtained using a NaCI cell, and indicated the presence of terminal 

SnS3^?3S^ (vinyl,-CH=CH 2 ) as well as both ds and trans interna, disubstituted C=C dou 



IR Band Frequency (env 1 ) 


Band Intensity 


Interpretation 


1668 


weak 


trans internal C=C 


1653 


weak 


cis internal C=C 


1640 


weak 


terminal C=C (vinyl) 


964 


strong 


trans internal C=C 


911 


medium 


terminal C=C (vinyl) 


724 


medium, broad | 


cis internal C=C 



oolvlSdLTSr Perf °, r 7 e the ^duct dissolved in ch.oroform-d. The spectrum matched that of 1,4- 

o ^t-Z f r 9 !? re T anCeS ^ 0bS6rVed 3t 33 - 1 Ppm and 27 8 PP" 1 in a " appmximate ratio 
tttiZr i? meth y ,ene cart > 0 ™ adjacent to trans and cis internal carbon-to-carbon double bonds, re- 

th ?29 19 'l3ns n nnr 0nanCeS W6re °, bSerVed 31 1303 PPm 3nd 129 - 8 PPm alon 9 with a few sma "^ P«*» in 
114 9 p?m and 138 7 -° T C * bon8 - ^ W6ak reso " a "-* were observed at 

o ttr rl^ PP T' V ass,gned as terminal <™V) o'efinic carbons adjacent to vinyl groups. No 

other resonances were observed, except for those due to solvent 

dnnhll hTT?' tha ? action produced 1.4-Polybutadiene with an approximate trans/cis carbon-to-carbon 
Jabott SO"/ r ! ,0 h ° e f3:1 a " d 3 number-average moiecu.ar weight of 2,970. The iso.ated yi .d of po.ymer 
lectrtv wi ° a t£l TnTt S ° f P0,ybutadiene from 1.5-hexadiene by metathesis polymerization Se- 
lect,vrty was at least 90%. No benzene.nsoluble polymer was produced. IR and C-13 NMR indicate the pres- 
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ence of vinyl groups, providing evidence that polymer chains are terminated by carbon- to- carbon double bonds. 
The metathesis polymerization reaction was essentially free of the undesired side-reaction of double bond mi- 
gration, as indicated by the lack of hexadiene isomerization and the lack of any other light olefin co-products 
besides ethylene. 

5 

Example 2 

The following illustrates the preparation of unsaturated polymers by acyclic olefin metathesis wherein a 
lower reaction temperature was employed without reflux of liquids. 

10 A catalyst solution was prepared by dissolving, in order, 0.40 g tungsten hexachloride (1 mmol), 0.46 mL 

propyl acetate (4 mmol), and 0.28 mL tetramethyltin (2 mmo!) in 50 mL toluene in a 250-mnL round-bottom 
flask under nitrogen. The flask was connected to an oil bubbler to allow escape of evolved gases. 1,5-Hexa- 
diene (10.0 mL, 84 mmol) was added via syringe, and solution was stirred for 1 hour at room temperature. No 
gas evolution was observed, so the solution was heated to 50°C using an oil bath. Gas evolution was observed 

15 at 50°C, which FID GC analysis determined to be primarily ethylene with traces of methane and propylene. 
Vapors of hexadiene and toluene were also observed by GC. The solution was stirred at 50°C for 18 hours, 
at which time gas evolution had ceased. Aflowof nitrogen was bubbled rapidly through the solution for several 
minutes, then ceased, and the solution was allowed to stir for about 6 more hours at50°C. Additional gas evo- 
lution, primarily composed of ethylene, was observed during this time. The-solution was then cooled to room 

20 temperature, and 100 mL methanol was added. No precipitate formed. 

An FID GC analysis was performed of the liquid. In addition to solvent peaks, significant peaks were ob- 
served at retention times corresponding approximately toC 10 , C 14 , C 18 , C22, and C 2 6 species. A total of six peaks 
were detected; the single peaks at approximately C 18 and C22 were the largest. 

The liquid from the reaction was extracted using a mixture of pentane and water. Upon mixing, an emulsion 

25 formed with was broken up by addition of sodium chloride and bicarbonate. The organic layer was collected, 
dried with magnesium sulfate, and rotary-evaporated under vacuum at 25-80°C to remove solvents. After evap- 
oration, approximately 2 grams of a very pale yellow fluid remained. The fluid, labelled Sample No. 15103- 
1 67- 2a, was of low viscosity. An IR spectrum of the neat fluid showed a strong band at 1 640 cm-1 , correspond- 
ing to a terminal carbon-to-carbon double bond stretching mode, and a medium-weak band at 1653 cm-1 , which 

30 is a cis internal carbon-to-carbon stretching mode. 

AC-13 NMR was performed of Sample No. 15103-167-2a dissolved in benzene-d6. A complex group of 
resonances was observed at 129.4-131.6 ppm, varying in intensity from strong to weak, corresponding to in- 
ternal olefinic carbons. Resonances for terminal olefinic carbons were observed at 114.8 ppm (medium inten- 
sity) and 1 38:5 ppm (medium-weak intensity). Acomplex group of resonances was observed at 27.1 -34-3 ppm, 

35 corresponding to methylene carbons. No peaks were detected in the 0-25 ppm range, the usual range of methyl 
carbons. 

These results indicate that relatively low molecular weight aliphatic products were formed in this reaction, 
i.e., oligomers. IR and C-13 NMR indicate the presence of terminal and internal carbon-to-carbon double 
bonds. As expected for oligomers, the ratio of terminal to internal carbon- to- carbon double bonds is greater 

40 than that of the polymer product of Example I. Since there appear to be no methyl groups in this product little 
or no double bond migration took place during the metathesis reaction. This is also indicated by the lack of 
any substantial amounts of gaseous products other than ethylene. The structure of the oligomeric products 
is probably H 2 C=CH-CH 2 -(CH 2 -CH=CH-CH 2 ) n _ CH 2 -CH=CH 2 , where n is about 1-5, in accordance with a meta- 
thesis oligomerization. Hexadiene conversion was lower than in Example I due to lower reaction temperature 

45 and the lack of reflux action combined with nitrogen purge to remove ethylene product as it was formed. 

Example 3 

The following illustrates the preparation of a telechelic difunctional polymers having a functionality of at 
50 least 1.6-1.7. 

Chlorobenzene solvent (Aldricfr Chemical Co., Milwaukee, Wl. HPLC grade) was purified by passage 
through a column of silica gel and 13X sieves, and stored over 4A sieves. Propyl acetate and tetramethyltin 
were dried over 4A sieves. 1,5-Hexadiene (98%, Aldrich) was purified by distillation, passage through a column 
of silica/1 3X sieves, and storage over 4A sieves. 4-Penten-1-yl acetate (Aldrich, 98%) was stored over 4A 
55 sieves. 

A250-mL three-neck round-bottom glass flask (with magnetic stirbar) was fitted with a water-cooled reflux 
condenser (on one neck) and stopcock adapters (on the other necks). The apparatus was dried and filled with 
a nitrogen atmosphere, and an oil bubbler was connected to the top of the reflux condenser to allow escape 
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of gas products. 

A catalyst solution was prepared by dissolving, in order, 0.80 g tungsten hexachloride (2 mmol) 0 92 ml 
propyl acetate (8 mmol). and 0.56 mLtetramethyltin (4mmol) in 25 mLchlorobenzene under nitrogen The sol 
ut.on was charged into the above-described glass apparatus by cannulation under nitrogen 1 5-Hexadiene 
23.7 mL, 200 mmol) and 4-penten-1-yl acetate (1.41 mL. 10 mmol) were added via syringe. The solution was 
then heated to 65°C by a thermostated oil bath, at which point boiling and reflux began and evolution of oas 
was observed. Over the course of about 30 minutes the temperature was raised to 75°C The solution was 
st.rred at 75°C for 2.5 hours, then the temperature was raised to 80°C and maintained at this temperature for 
the duration of the experiment. After raising the temperature to 80°C, evolution of gas continued but slowed 
greatly w,th.n 1-2 hours. GC (FID) analyses of evolved gases indicated ethylene to be the primary (and es- 
sent.ally only) gaseous product. Within 1 -2 hours at 80°C, the rate of ethylene evolution had dropped to rouqhly 
less than 10 A of the rates observed earlier in the experiment (at 65-75°C). After 3 hours at 80°C a rapid sweep 
of nitrogen (500-1000 mL/min) was begun through the apparatus, entering through one neck of the flask and 
exiting through the reflux condenser. The solution was maintained at 80°C under this nitrogen sweep overnight 
15 hours) w.th the condenserwateron. Atthe end of this time, a viscous brown residue remained in the reaction 
flask and most of the chlorobenzene solvent had evaporated. 

Toluene (100 mL) was added to dissolve the residue, then sodium hydroxide solution (75 mL) was added 
The mixture was stirred vigorously at 80°C until the toluene layer was colorless (2-3 hours). The solution was 
cooled and the toluene layer was recovered using a separatory funnel, washed with water (3 X 100mL) and 
dned with magnesium sulfate. Magnesium sulfate was removed by filtration. Toluene solvent was removed by 
rotary evaporation under vacuum at 80-90»C, leaving a colorless, viscous, cloudy material (7 5 grams) An IR 
spectrum of the neat product showed a strong carbonyl stretch band at 1750 cnr', a strong band at 
965cm-' (trans internal -C=C-), a medium-intensity band at 725 crrri (cis internal -C=C-), and a very weak 
band at 910 cnr 1 characteristic of vinyl (terminal) C=C bonds. 

NMR Analysis: A quantitive C-1 3 NMR analysis was performed of the viscous product dissolved in chloro- 
form-d w.th chromium acetylacetonate added as a relaxation agent. The spectrum was similar to that of 1 4- 
polybutad.ene with the addition of weak resonances associated with acetoxy endgroups. Strong resonances 
were observed in the 128-131 ppm range assigned as internal olef inic carbons; strong singlet resonances were 
observed at 32.6 ppm and 27.3 ppm in an approximate ratio of 4:1, assigned to methylene carbons adjacent 
to trans and as internal C=C double bonds, respectively. The relative integration of the internal olef inic carbons 
and the methylene carbons (32.6 ppm + 27.3 ppm resonances) was about 1:1, as expected for 1,4-polybuta- 
diene. 

Weak singlet resonances of approximately equal intensity were observed at 170.9 ppm (carbonyl carbon 
of acetoxy), 64.0 ppm (methylene carbon adjacent to -OAc group), and 20.9 ppm (methyl carbon of OAc) The 
integration of each of these resonances was about 2.2% of that of the internal olef inic carbons (128-1 31 ppm) 
Also, very weak singlet resonances were observed at 114.5 ppm and 138.3 ppm, assigned as terminal (vinyl) 
olef inic carbons, each with integration about 0.4% that of the internal olef inic carbons (128-1 31 ppm) No res- 
onances were detected between 0 and 20.8 ppm, indicating a lack of any other methyl carbons besides the 
OAc methyl. 

The functionality number (Fn) of the viscous product was calculated from the NMR data assuming 2 en- 
dgroups per molecule (linear, unbranched chains). The NMR indicated that the two major types of molecule 
endgroups were acetoxy (-OAc) and vinyl. The fraction of endgroups which are acetoxy was 80-85% as cal- 
culated us.ng relative integrations of endgroup resonances. This leads to Fn = 1 .6-1 .7, where Fn is the average 
number of acetoxy endgroups per molecule. 

In summary, the reaction produced 1,4-polybutadiene with an average acetoxy endgroup functionality of 
1 .6-1.7 (ideal d.functionality = 2.0), as calculated using C-1 3 NMR data and the assumption of perfect chain 
linearity. 

Example 4 

The following illustrates the preparation of a functional oligomer from a cyclic olefin, 1,5-cyclooctadiene 
and an ester, methyl methacrylate. 

A 200-cc Fisher-Porter bottle was charged with the following in this order under nitrogen atmosphere- 35 
mLchlorobenzene, 15.0 mL 1,5-cyclooctadiene (122 mmol), 3.75 mLmethyl methacrylate (35 mmol). 0 56 mL 
propyl acetate (4.9 mmol), 0.48 g tungsten hexachloride (1.2 mmol, Aldrich Chemical Co., Milwaukee, Wl, 
99.9 /o . and 0.34 mL tetramethyltin (2.4 mmol). The mixture was magnetically stirred at room temperature for 
several minutes, then heated to 80°C. The solution was stirred at 80°C for 24 hours. GC analysis indicated 
complete (>99%) conversion of the 1,5-cyclooctadiene and approximately 20% conversion of the methyl me- 
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thacrylate at this point. The reaction was terminated by addition of 50 mL 1N sodium hydroxide solution and 
vigorously stirred for about 5 hours at 80°C. The organic layer was then separated from the aqueous phase, 
washed with water, dried with magnesium sulfate, and stripped of solvent and remaining methyl methacryiate 
by rotary evaporation. A pale yellow, moderately viscous liquid product was obtained (10 grams, labelled Sam- 
5 pie No. 15685-106-1). Nuclear magnetic resonance analysis (NMR) showed no remaining solvent or methyl 
methacryiate. 

Molecular weight of the product was determined by gel permeation chromotography (GPC), number aver- 
age molecular weight (Mn)= 1290, weight average molecular weight (Mw) = 2921 and the vapor pressure os- 
mometry (VPO) (Mn = 1162), indicated the product to be oligomeric. Infrared (IR) analysis of the product 
10 showed a strong carbonyl absorption at -1725 wavenumbers, attributed to ester (methacrylic) endgroups, a 
moderate intensity C=C double bond absorption at 1 640-1 670, and a moderate intensity band at 910 attributed 
to vinyl endgroups. 

A quantitative C-13 NMR analysis was performed of the product dissolved in chloroform-d with chromium 
acetylacetonate added as a relaxation agent. The spectrum was similar to that of 1,4-polybutadiene with the 

15 addition of weak resonances associated with vinyl and methyl methacrylic endgroups. Strong resonances were 
observed in the 128-132 ppm range, assigned as internal olefinic carbons of the oligomer backbone: (-CH 2 - 
CH=CH-CH 2 -) n - Strong singlet resonances were observed at 33 ppm and 27.5 ppm in an approximate ratio of 
2:1, assigned to methylene carbons adjacent to trans and cis interna! backbone C=C double bonds, respec- 
tively. The relative integration of the backbone internal olefinic carbon and methylene carbon was about 1:1, 

20 as expected for 1,4-polybutadiene. 

The NMR spectrum was consistent with two types of oligomer endgroups: -CH=CH2 (vinyl) and - 
CH=C(CH 3 )C0 2 CH 3 (methyl methacrylic). Weak singlet resonances of approximately equal intensity were ob- 
served at 168.2 ppm (carbonyl carbon of methyl methacrylic endgroup), 141.6 and 127.6 ppm (olefinic carbons 
of methyl methacrylic endgroup), 138.2 and 114.5 ppm (vinyl endgroup carbons), 51.5 ppm (methoxy carbon 

25 of methyl methacrylic) and 12.4 ppm (allylic methyl of methyl methacrylic). (A NMR spectrum of a similar sam- 
ple, 15685-172-1, indicated the 141.6 ppm resonance to be a CH, assigned as the CH olefinic carbon of the 
methyl methacrylic endgroup, and the 1 27.6 ppm peak to be a carbon with no attached hydrogens, assigned 
as the other methacrylic olef inic carbon). The integration of each of these endgroup resonances was about 
1 .5% of the total integration of internal backbond olefin ic carbon (1 28-1 32 ppm). No other endgroup types were 

30 discernible, and no other resonances were detected between 0 and 25 ppm, indicating a lack of any other me- 
thyl carbons besides that of the methyl methacrylic endgroup. 

In summary, the spectroscopic and molecular weight data are consistent with an oligomeric product having 
a 1 ,4-polybutadiene structure with ester (methyl methacrylic) and vinyl endgroups. 

35 Example 5 

The following illustrates the preparation of a functional oligomer from a cyclic olefin,1,5-cyclooctadiene, 
and an ester, methyl acrylate. 

The same procedure was performed as in Example 4 except that methyl acrylate (3.15 mL, 35 mmol) was 
40 employed instead of methyl methacryiate. GC analysis after 24 hours at 80°C indicated 30% conversion of 
1 ,5-cyciooctadiene and 19% conversion of methyl acrylate. Work-up (including rotary evaporation of solvent 
and remaining olefin reactants) yielded 3.3 g of a very pale yellow, clear, oily liquid (Sample No. 15685-142- 
2). IR analysis of the product showed a strong carbonyl absorption at -1735 wavenumbers, attributed to ester 
(acrylic) endgroups, a moderate intensity C=C double bond absorption at 1640-1 670, and a moderate intensity 
45 band at 910 attributed to vinyl endgroups. 

Quantitative C-13 NMR analysis showed features similar to the product in Example 4, with methyl acrylic 
endgroup resonances instead of methyl methacrylic. The 1,4-polybutadiene backbone structure was ob- 
served, with a 0.3 trans/cis C=C double bond ratio (backbone internal double bonds). The relative integration 
of the backbone internal olefinic carbon and methylene carbon was about 1:1, as expected for 1,4-polybuta- 
so diene. 

The NMR spectrum was consistent with two types of oligomer endgroups: -CH=CH 2 (vinyl) and -CH=CH- 
C0 2 CH 3 (methyl acrylic). Weak singlet resonances of similar intensity were observed at 166.7 ppm (carbonyl 
carbon of methyl acrylic endgroup), 148.6 and 121.1 ppm (olefinic carbons of methyl acrylic endgroup), 148.6 
and 121.1 ppm (olefinic carbons of methyl acrylic endgroup), 138.2 and 114.5 ppm (vinyl endgroup carbons), 
55 and 51.3 ppm (methoxy carbon of methyl acrylic). The integration of each of the methyl acrylic endgroup res- 
onances was about 0.9% of the total integration of internal backbone olefinic carbon (128-132 ppm), while the 
integration of each of the two vinyl endgroup resonances was about 1.25%. No other endgroup types were 
discernible, and no resonances were detected between 0 and 25 ppm, indicating a lack of methyl carbons other 



_15 



EP 0 626 402 A2 



than the methoxy. 

In summary, the spectroscopic and molecular weight data are consistent with an oligomeric product having 
a 1 ,4-poly butadiene structure with ester (methyl acrylic) and vinyl endgroups. 

Example 6 

The following illustrates the preparation of a telecheiic difunctional oligomer with a two step process from 
a cyclic olefin, 1,5-cyclooctadiene, and an ester, methyl methacrylate. 

1,2-Dichlorobenzene solvent (Aldrich Chemical Co., Milwaukee, Wl., HPLC grade) was purified by pas- 
sage through a column of silica gel and 1 3X sieves, and stored over 4Asieves. Hexyl acetate and tetramethyltin 
were dried over 4A sieves. 1,5-Cyclooctadiene (Aldrich, 99+%) was stored over 4A sieves. Methyl methacrylate 
(Aldrich) was used as obtained without removal of inhibitor. Tungsten hexachloride (99.9%) was obtained from 
Aldrich, used as obtained, and stored under nitrogen. 

The reaction vessel consisted of a 250-mL three-neck round-bottom glass flask (with magnetic stirbar) 
fitted with a water-cooled reflux condenser (on the center neck) and stopcock adapters (on outer necks). Prior 
to introduction of reagents, the apparatus was purged with a rapid flow of nitrogen (inlet at a flask neck and 
outlet through the condenser). The three-neck round-bottom flask was immersed in a constant- temperature 
oil bath for heating. 

The following were added to a round-bottom flask under nitrogen at room temperature: 1 ,2-dichloroben- 
zene (35 mL), methyl methacrylate (13.0 mL, 122 mmol), 1,5-cyclooctadiene (15.0 mL, 122 mmol), hexyl acet- 
ate (1.60 mL, 9.7 mmol), tungsten hexachloride (0.97 g, 2.44 mmol), and tetramethyltin (0.68 mL, 4.9 mmol). 
The solution was stirred well to fully dissolve the tungsten hexachloride, and was then cannula- transferred to 
the above-described reaction vessel under nitrogen. The reaction vessel was heated to 80 deg C. The solution 
was stirred at 80 deg C for 5 hours under static nitrogen atmosphere. (After the 5 hours, cyclooctadiene con- 
version was estimated to be essentially complete and methyl methacrylate conversion was estimated at 10- 
15%, by FID GC analysis). After 5 hours, a 1.5-SCFH nitrogen flow through the apparatus was initiated and 
maintained for the duration of the experiment. 

The experiment was continued for a total of 4 days (approximately 96 hrs) at 80 deg C. After approximately 
24 hours, GC analysis of the reaction solution indicated no remaining cyclooctadiene or methyl methacrylate. 
(Most of the methyl methacrylate loss was due to evaporation caused by the high nitrogen flow rate). IR ana- 
lysis of a sample of the oligomer product at this point showed a strong ester endgroup band (C=0, 1 725 wave 
numbers), but also a moderate-intensity vinyl endgroup band (91 0 wave numbers) indicating incomplete meta- 
thesis of the vinyl endgroups. An addition of fresh catalyst solution (1.60 mL hexyl acetate, 0.97 g tungsten 
hexachloride, and 0.68 mL tetramethyltin dissolved in 35 mL 1,2-dichlorobenzene) was made to the reaction 
vessel. IR analyses and additions of fresh catalyst solution were also performed after approximately 48 hours 
and approximately 72 hours. At the conclusion of the run (approximately 96 hours), IR analysis showed only 
a very weak vinyl endgroup band remaining in the oligomer product, with a strong carbonyl band (1725 wave 
numbers). 

The reaction solution was cooled to room temperature, and quenched by bubbling dry ammonia gas 
through the solution for 40 minutes. The black precipitate which was produced by the ammonia treatment was 
removed by filtration. Solvent was removed from the filtrate by rotary evaporation at 95 deg. C, leaving 10.3 
g of a viscous, yellow-orange, cloudy oligomer product (Sample No. 15685-17201). Quantitative C-13 NMR 
was performed using chioroform-d as solvent with chromium acetylacetonate added as a relaxation agent. 

The C-13 NMR spectral data for this product are given in Table I. The spectrum indicates a 1 ,4- poly buta- 
diene backbone structure for the oligomer, with methyl methacrylic and vinylic endgroups. There was no clear 
evidence in the NMR analysis for other endgroup types. Assuming acyclic and non-branched chains, the ester 
(methyl methacrylic endgroup) functionality was estimated at Fn = 1.7 (85% ester endgroups, 15% vinyl en- 
dgroups). The trans/cis ratio of C-C bonds in the 1 ,4-polybutadiene backbone was about 3:1. Mn was estimated 
at 1200-1600. Nopoly(methyl methacrylate) was detected in the NMR. However, a broad underlying resonance 
of significant area was seen in the sp3 carbon region (10-54 ppm), assigned as "detrital carbon" CH 2 and CH 
species. Since the specific character of this "detritar material is not clear, the functionality number (Fn) cal- 
culated above is only an approximation. 
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Table I 





Chemical 
Shift /ppm.d) 


Relative 
Intearation 


Assignment 


5 


128-132 (m) 


350 


Internal Olefinic carbons (backbone) 




168.4 (s) 


17.7 


C=0 of methyl methacrylic endgroup 




141.9 (s) 


15.7 


=CHR of methyl methacrylic endgroup 


10 


127.9 (s) 


16.3 


=CRMe of methyl methacrylic endgroup 




51.7 (s) 


18.4 


OCH 3 of methyl methacrylic endgroup 




12.6 (s) 


17.2 


allylic -CH3 of methacrylic endgroup 




138.2 (s) 


2.6 


=CHR of vinylic endgroup 


15 


.'114.5 (s) 


2.6 


=CH2 of vinylic endgroup 




32.9 (s) 


222 


CH2 adjacent to trans -C=C- (backbone) 




27.6 (s) 


60 


CH 2 adjacent to cis -C=C- (backbone) 


20 


27-33"a 


110 


Other CH2 resonances 




10-54 (br)"b 


154 


Detrital sp3 C 




**a A number of small singlet resonances, some overlapping, assigned 



as CH2S; primarily CH2S alpha and beta to endgroups. 
**b Very broad, underlying resonance, primarily sp3 CH2 and sp3 CH 
with little CH 3 . 

30 Example 7 

The following illustrates the preparation of a telechelic Afunctional oligomer with a two-step process from 
an acyclic olefin and a cyclic olefin. 

Chlorobenzene (Aldrich Chemical Co. t Milwaukee, Wl, HPLC grade was purified by passage through a 

35 column of silica gel and 13X sieves, and stored over 4A sieves. Tetramethyitin (Aldrich, 99+%) was dried over 
4A sieves. Tungsten hexachloride (Aldrich, 99.9+%) was used as obtained. Methyl undecylenate (methyl 10- 
undecenoate, 97%) was obtained from Elf Atochem , Philadelphia, PA, and purified by treatment with aqueous 
NaOH and water followed by drying (with magnesium sulfate) and vacuum distillation; the purified material 
was stored over 4A sieves. 1 ,5-Cyclooctadiene (Aldrich, 99,3%) was fractionally distilled using a 20-tray Old- 

40 ershaw column at a reflux ratio of 15:1. The distilled product was determined to be 99.9% pure by gas chro- 
matography, containing less than 0.01% 4-vinyM-cyclohexene. The distilled cyciooctadiene was further puri- 
fied by passage through a column of basic activated alumina LaRoche Chemicals A-204-4, LaRoche Chemi- 
cals, Baton Rouge, La., then stored over 4A sieves under nitrogen. 

45 Process Step (1): 

2 CH 2 =CH(CH 2 ) 8 C0 2 Me d&>iU-> Me0 2 C(CH 2 )8CH=:CH(CH2)8C02Me 
Methyl Undecylenate Dimethyl 10~Eicosene-1 ,20-dioate 

50 

Tungsten hexachloride (3.2 g, 8.0 mmol) was dissolved in methyl undecylenate (90 mL, 400 mmol) under 
nitrogen. The solution was syringed into a 500 mL flask with attached reflux condenser which had been purged 
with nitrogen and preheated to 50 deg C using an oil bath. After 30 minutes, tetramethyitin (2.2mL, 16 mmol) 
was syringed into the solution and the temperature was raised to 75 deg 'C. The solution was stirred at 75 deg 
55 C for 19 hours under a slow flow of nitrogen, then cooled to room temperature. Dry gaseous ammonia was 
bubbled through the solution for 30-40 minutes to quench the reaction. Hexane was added to the solution, and 
precipitated catalyst residue was removed by filtration. The filtrate was then subjected to rotary evaporation 
at 90-150 deg C using a mechanical vacuum pump to remove hexane and unreacted methyl undecylenate. 
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Upon cooling, an orange crystalline solid was obtained. It was dissolved in methanol and decolorized by treat- 
ment with charcoal. The product was then re crystallized several times from aqueous methanol at 0 deg C, af- 
fording 22.3 g (60 mmoi) of white, crystalline dimethyl 10-eicosene-1,20-dioate (m.p. 44 deg C). 

Process Step (2): Reaction of dimethyl 10-eicosene-1,20-dioate with excess 1,5-cyclooctadiene to yield es- 
ter-terminated, difunctional 1,4-polybutadiene oligomer. 

Under nitrogen, a 250-mL flask was charged with dimethyl 10-eicosene-1,20-dioate (7.0 g, 19 mmol) 
chlorobenzene (85 mL), 1,5-cyclooctadiene (56.5 ml_, 460 mmol), tungsten hexachloride (37 mg, 0.093 mmol)' 
and tetramethyltin (26 uL, 0.19 mmol). The solution was then heated to 100 deg C and stirred under a nitrogen 
atmosphere. After 4.5 hours at 100 deg C, additional catalyst solution (37 mg tungsten hexachloride and 26 
uL tetramethyltin dissolved in 2 ml chlorobenzene) was syringed into the reaction flask. The solution was then 
stirred for an additional 1 7.5 hours (22 hours total) at 100 deg C, then cooled to room temperature. Gas chro- 
matoographic analyses indicated 99.9% conversion of 1 ,5-cyclooctadiene and 87% conversion of dimethyl 10- 
eicosene-1,20-dioate. Gaseous ammonia was bubbled through the reaction solution for 10 minutes. The sol- 
ution was degassed and then filtered to remove precipitated catalyst residue. The filtered solution was then 
subjected to rotary evaporation at 100-110 deg C using a mechanical vacuum pump to remove volatile liquids 
leaving a viscous liquid product To remove unreacted dimethyl eicosene dieate and very low molecular weight 
products, the viscous liquid was dissolved in dichloromethane and then precipitated by addition of a large quan- 
tity of methanol. The precipitated viscous liquid was collected and washed with additional methanol. The dis- 
solution/precipitation procedure was repeated. The final precipitated (methanol-insoluble) viscous liquid prod- 
uct was clear and pale yellow; yield was 44 g (77% yield based on weight of reactants). No dimethyl 10-eico- 
sene-1,20-dioate was detected by gas chromatography in this product, but it was detected in the methanol 
washings from the dissolution/precipitation procedure. 

A quantitative carbon- 1 3 NMR was performed of the product dissolved in chloroform-d with chromium acet- 
ylacetonate added as a relaxation agent The NMR spectrum was consistent with the following ester-termin- 
ated, difunctional 1,4-polybutadiene oligomer structure: 

Me0 2 C(CH 2 ) 7 -(CH 2 CH=CHCH 2 ) n -(CH 2 ) 7 C0 2 Me 
Strong resonances were observed in the spectrum in the 128-132 ppm range, assigned as internal olef inic 
carbons of a 1,4-polybutadiene backbone: (-CH 2 -CH=CH-CH2-) n . Strong singlet resonances were observed 
at 32.5 ppm and 27.5 ppm in a 59/41 integrated intensity ratio, assigned as methylene carbons adjacent to 
trans (59%) and cis (41%) internal backbone carbon-carbon double bonds, respectively. The relative intensity 
of the combined backbone olefinic carbon resonances was equal (to within 1%) to that of the combined adjacent 
methylene carbon resonances, consistent with a 1 ,4-polybutadiene structure. The spectrum indicated that the 
product possessed ester endgroups of the structure -(CH^ C0 2 Me: weak singlet resonances of equal intensity 
were observed at 173.5 ppm (carbonyl carbon of the ester), 51.1 ppm (methoxy carbon of ester), 33.8 ppm 
(methylene carbon alpha to carbonyl), and 24.8 ppm (methylene carbon beta to carbonyl); a broad resonance 
was observed at 29.1 ppm with 5-fold greater intensity (five methylene carbons). Although the signal-to-noise 
ratio of the spectrum was very high (about 1 00:1 for the carbonyl carbon endgroup signal), no other resonances 
were detected other than sidebands of major peaks. No other endgroup types were detected, such as saturated 
methyl or ethyl endgroups (10-24 ppm) or vinyl endgroups (110-120 ppm, 132-142 ppm). Neither were vinyl 
endgroups detected in a proton NMR spectrum of the product The NMR data thus indicate the acyclic oligomer 
product to be purely difunctional with respect to ester endgroups (Fn = 2.0). 

Number-average molecular weight (M n ) of the product was computed at 4,030 g/moie using relative inte- 
grated intensities from the carbon-13 NMR spectrum (carbonyl carbon = 6.87; methoxy carbon = 6.70; com- 
bined backbone olef inic carbon = 466) and the relation, M n = n(54.1) +314.5, which is based upon the product 
structure shown above. 



Example 8 



This example illustrates the effect of the amount of catalyst charge upon difunctional oligomer product 
purity. 

A procedure was followed similar to that of Example 7, except that a greater amount of catalyst (relative 
to monomer amounts) was employed in the second process step (reaction of dimethyl 10-eicosene-1,20-dioate 
with 1 ,5-cydooctadiene). The molar 1,5-cyclooctadiene/WCI 6 /SnMe 4 ratio employed, in this example was 
500/1/2 (vs. 2500/1/2 in Example 7). The reaction was terminated after 2.5 hours at 100 deg C, at which point 
1 ,5-cyclooctadf iene conversion was 99.9% and dimethyl 10-eicosene-1 ,20-dioate conversion was 94% as de- 
termined by gas chromatography. The viscous liquid oligomer product was isolated by the procedure of Exam- 
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pie 7, and analyzed by carborv13 NMR. The NMR spectrum was similar to that of Example 7 with the addition 
of two very weak singlet resonances of equal intensity at 138.0 ppm and 114.3 ppm, assigned as the =CHR 
and =CH 2 carbons, respectively, of a vinyl endgroup: RHC=CH 2 - The integrated intensity of each vinyl endgroup 
carbon resonance was 1-2% of the intensity of the ester endgroup carbonyl carbon resonance. This indicates 
5 that 1-2% of the oligomer endgroups of this product were non-functional (meaning non-ester), and thus the 
product was not as dif unetionally pure as that of Example 7. 

Number-average molecular weight of this product was determined to be 3,680 g/mole by vapor pressure 
osmometry (VPO), and was calculated by carbon-13 NMR to be 3,860 g/mole. 

w Example 9 

This example illustrates the effect of reactant purity, in particular the purity of the cyclic olefin monomer, 
upon difunctional oligomer product purity. 

A procedure was followed similar to that of Example 7, except that the 1,5-cyclooctadiene employed in 

15 the second process step was less pure. In this example, 1,5-cyclooctadiene (Aldrich, 99.3% pure by gas chro- 
matographic analysis) was used without further purification by distillation. GC analysis indicated the presence 
of several organic impurities, including 0.2% 4-vinyl-1-cyclohexene. In this example, the amount of catalyst 
employed in the second process step was the same as in Example 8: 500/1 12 1 ,5-cydooctadiene/ WCIe/SnMe 4 . 
The reaction was terminated after 4 hours at 100 deg C, at which point 1,5-cyclooctadiene conversion was 

20 99.6% and dimethyl 1 0-eicosene-1 ,20-dioate conversion was 85% as determined by gas chromatography. The 
viscous liquid oligomer product was isolated by the procedure of Example 7, and analyzed by carbon-13 NMR. 
The NMR spectrum was similar to that of Example 8, except that the two vinyl endgroup carbon resonances 
(138.0 ppm and 114.3 ppm) were more intense, each with an integrated intensity of 7-8% of the intensity of 
the ester endgroup carbonyl carbon resonance. This indicates that 7-8% of the oligomer endgroups of this prod- 

25 uct were vinyl and non-functional (meaning non-ester), and thus the product was less dif unetionally pure than 
that of Example 8. 

Example 10 

30 The following illustrates the preparation of ester-functionalized oligomers and polymers by cross- 

metathesis reaction of an unsaturated polymer, 1,4-polybutadiene, with an ester, methyl methacrylate. The es- 
ter-functionalized oligomers prepared are of lower molecular weight. 

Reagents: A high molecular weight cis-1,4-polybutadiene (Goodyear, Budene 1208, date code BC1 80891, 
98% cis-1,4, Mn 85,000-95,000, Mw 400,000-420,000) was employed in neat, uncured form. 1,2-Dichloroben- 

35 zene, Aldrich HPLC grade, was purified by passage through a column of silica gel and 1 3X sieves, and stored 
over 4A sieves. Propyl acetate and tetramethyltin were dried over 4A sieves. Methyl methacrylate (Aldrich, 
99%) was used as obtained without removal of inhibitor. Tungsten hexachloride (Aldrich, 99.9+%) was used 
as obtained. 

A200-cc Fisher-Porter bottle was charged with the following in this order under nitrogen atmosphere: 4.5 
40 g polybutadiene (83 mmol -CH 2 CH=CHCH 2 -repeat unit), 140 mL 1,2-dichlorobenzene, 2.2 mL methyl metha- 
crylate (21 mmol), 0.38 mL propyl acetate (3.3 mmol), 0.33 g tungsten hexachloride (0.83 mmol), and 0.23 mL 
tetramethyltin (1.7mmol). The mixture was magnetically stirred at room temperature for several minutes, then 
heated to 80 deg C. It was noted that the polybutadiene was not entirely dissolved after 3-4 hours at 80 deg 
C. The solution was stirred at 80 deg C for a total of 20.5 hours, at which point there was no evidence of un- 
45 dissolved polymer. The solution was cooled to room temperature and the reaction terminated by bubbling dry 
gaseous ammonia through the solution for 10 minutes. The solution was filtered to remove catalyst residue. 
Volatile liquids (dichlorobenzene, propyl acetate, and unreacted methyl methacrylate) were removed from the 
filtered solution by rotary evaporation, leaving a viscous brown liquid product (4.5 g). 

The low molecular weight of this product was determined by GPC (Mn=410, Mw=1170). IR analysis of the 
so product showed a carbonyl band at 1 71 7.5 wavenumbers, attributed to ester (methacrylic) endgroups, a weak 
intensity C=C band at 1640-1670 wavenumbers, and a weak band at 910 wavenumbers attributed to vinyl en- 
dgroups. 

A quantitative C-13 NMR was performed of the product dissolved in chloroform-d with chromium acetyla- 
cetonate added as a relaxation agent. Strong resonances were observed in the 128-132 ppm range, assigned 
55 as internal olef inic carbons of the 1 ,4-polybutadiene backbone: (-CH 2 CH=CH-CH 2 -) n . Strong singlet resonanc- 
es were observed at 32.5 ppm and 27.2 ppm in an approximate ratio of 1:1, assigned to methylene carbons 
adjacent to trans and cis internal backbone C=C double bonds, respectively. The relative integration of the 
backbone internal olef inic carbon and methylene carbon was about 1:1, as expected from 1,4-polybutadiene. 
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The spectrum was consistent with two types of endgroups: -CH=CH 2 (vinyl) and -CH=C(CH 3 )C0 2 CH 3 (methyl 
methacrylic). Weak singlet resonances were observed at 168.1 ppm (carbonyl carbon of methyl methacrylic 
endgroup), 141.5 ppm (an olefinic carbon of methyl methacrylic endgroup), 138.1 and 114.4 ppm (vinyl en- 
dgroup carbons), 51.4 ppm (methoxy carbon of methyl methacrylic) and 12.3 ppm (allylic methyl of methyl me- 
thacrylic). The integration of each of the endgroup resonances was in the range of 1-2% of the total integration 
of internal backbond olefinic carbon (128-1 32 ppm). Integrated intensities of the vinyl carbon resonances were 
roughly double those of the methyl methacrylic resonances. 

The spectroscopic and molecular weight data indicate the product to consist of low molecular weight 1 ,4- 
polybutadiene oligomers and ester (methyl methacrylic) and vinyl endgroups. This is the product of metathesis 
depolymerization. 



Example 11 

The following illustrates the preparation of a high molecular weight polyester from polycondensation of a 
1 ,4-polybutadiene alpha, omega-diester and a diol. The preparation demonstrates the dif unctionality of a die- 
ster prepared by the process of the instant invention and provides evidence for difunctionality in the polyest- 
erif ication of a polybutadiene diester with a diol. 

A telechelic Afunctional oligomer prepared as in the process of Example 7 was polyesterified with 1,6- 
hexanediol. A separate polyesterification reaction was performed with 1,12-dodecanediol. The procedures 
were as follows: 

To a 50 m! round-bottom flask with a nitrogen atmosphere containing 5.00 g (1 .39 mmol) of polybutadiene 
diester (Sample No. 18098-103A), estimated number average molecular weight 3600, IV = 0.11 dl/g in 60:40 
phenol: 1,1,2,2-tetrachloroethane (PTCE), and 0.821g (6.95 mmol) of 1.6-hexanediol, Aldrich Gold Label, Al- 
drich Chemical., Milwaukee, Wise, was added 0.02g (2 drops) of titanium (IV) butoxide (3400 ppm). In a Ku- 
gelrohr "thin film" reactor, the mixture was heated to 150°C at one atmosphere pressure for three hours and 
'then the pressure was reduced to 0.005 mm Hg for an additional three hours. 

The resultant polymer (Sample No. 15747-131) was a clear rubbery solid, 5.09g; yield was 99% of theo- 
retical. The IV was 0.76 dl/g in 1,2,4-trichlorobenzene. Number average molecular weight by gel permeation 
chromatography (GPC) was 64,000 versus polypropylene standard. Solubility in 1,2,4-trichlorobenzene indi- 
cated that the polymer was substantially linear. 

Verification of the transesterif ication procedure was made by synthesis of high polymer from other unsa- 
turated aliphatic diesters. A reaction was run in which the polybutadiene diester was replaced by a (^-unsa- 
turated aliphatic diester, dimethyl 10-eicocene-1,20-dioate. In a two-step process, a waxy prepolymer inter- 
mediate was isolated initially, and subsequently its molecular weight was advanced by heating at220°C under 
vacuum (0.3 mm Hg). This gave a tough, high molecular weight polyester (IV 0.90 dl/g in 60:40 phenoktetra- 
chloroethane) which was soluble in 1,2,4-trichlorobenzene. 



Example 12 



The following illustrates the preparation of a polymer free of a predominant color and containing less than 
100 parts per million of tungsten comprising a methyl ester-terminated difunctional 1 ,4-polybutadiene polymer 
prepared in Example 7. 

The final precipitated (methanol-insoluble) viscous liquid product, clear and pale yellow in color, 250g, con- 
taining 370 ppm tungsten, analysis by inductively coupled plasma spectroscopy (ICP), of Example 7, was dis- 
solved in dichloromethane, at least 200cc, in a one-liter Erlenmeyer flask equipped with a stir-bar. Activated 
carbon, 24g, 100 mesh (fine). Atlas Chemical Industries, Wilmington, Del., was added to the flask. Total volume 
in the flask was 650-700cc. A nitrogen purge for 10 minutes removed air from the flask through the stopper 
and the flask was sealed. The polymer solution was stirred for approximately 64 hours at room temperature. 

After the period of stirring, the polymer solution was filtered through diatomaceous earth under a vacuum 
of 20 inches Hg to remove the dichloromethane solvent. The viscous polymer free of a predominant color was 
analyzed by inductively coupled plasma spectroscopy (ICP). Tungsten content was less than 100 ppm. 

Example 13 

Thefollowing illustrates the preparation of a low molecular weight oligomer of a difunctional telechelic poly- 
butadiene dialcohol by transesterif ication of a polybutadiene diester prepared as in Example 7 with an aliphatic 
dialcohol, 1,6-hexanediol, in a 50-fold stoichiometric excess of 1,6-hexanediol, to prepare oligomers with pre- 
dominantly one or two polybutadiene units per chain. 
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To a 1-Lfiask with a nitrogen atmosphere containing 50.3 g (13.6 mmol) of polybutadiene diester (Sample 
No. 18098-115A, formula weight 3700) and 79.9 g (676 mmol) of 1,6-hexanediol was added 1.3 g (3.8 mmoi) 
of titanium (IV) butoxide. In a Kugelrohr "thin film" reactor, the mixture was heated to 150°C for 2 hour, and 
then to 200°C for an additional 4 hour to give a yellow suspension. Carbon NMR analysis on the mixture indi- 
5 cated that transesterif ication was complete; the methyl ester signal (-OCH 3 ) at 51 .8 ppm for starting material 
was replaced by a new signal at 64.5 ppm for hexyl ester. 

In the purification step, the addition of 300 ml of diethyl ether to the mixture gave a white suspension which 
was filtered through a medium glass frit to give 70 g (89% recovery) of 1 ,6- hexanediol. Then, solvent extraction 
of the organic filtrate with water removed the water-soluble 1,6-hexanediol, leaving an ether solution of the 
10 polybutadiene oligomer. Evaporation of solvent at low temperature (< 45°C) under vacuum gave 44 g (88% 
yield) of a viscous yellow oil (Sample No. 15747-155.13). Chemical and spectroscopic methods were consis- 
tent with the proposed structure. Hydroxyl titration: 0.523 mEq OH/g (Calcd Mn 3824 based on difunctional 
structure). Carbon NMR: calcd Mn 3862. GPC (vs. polybutadiene standard): Mn 5055, Mw 8968, PI 1.78. 

15 Example 14 

The procedure of Example 1 3 was repeated with a five-fold excess of 1 ,6-hexanediol to generate a mixture 
of alcohol encapped oligomers with a degree of polymerization of about 1.5, that is, mostly oligomers with either 
one or two polybutadiene units per chain. 

20 To a 50 ml flask with a nitrogen atmosphere containing 5.00 g (1 .35 mmol) of polybutadiene diester (Sample 

No. 18098-115A, FW 3700) and 0.821 (6.95 mmol) of 1,6-hexanediol was added 0.2 g (20 drops) of titanium 
(IV) butoxide (34000 ppm). In a Kugelrohr "thin fi!m ,, reactor, the mixture was heated to 150°C for 3 hour to 
give 5.54 g of orange oily solid. Carbon NMR analysis on the product indicated that transesterif ication was 
complete because none of the characteristic methyl ester signal (-OCH3) at 51.8 ppm from starting material 

25 was detected; it was replaced by a new signal at 64.5 ppm which is assigned the corresponding methylene 
carbon of the hexyl ester. 

In a second step, purification of the product was effected by selective solvent extraction of the excess 
1,6-hexanediol using acetone which is a non-solvent for the polybutadiene oligomer. Solvent extraction can 
have a distinctive advantage over vacuum distillation as a purification method because it avoids the possibility 
30 of heat-induced coupling of the oligomers that might occur in the latter. A single acetone wash of the oily re- 
action mixture in the same reactor flask accomplished the desired result, i.e., nearly complete removal of the 
monomeric alcohol by NMR analysis and quantitative recovery of oligomer. As predicted from the reaction sto- 
ichiometry, gel permeation chromatography on the product confirmed the presence of some higher homologs 
(Mn 6500). 

35 

Example 15 

The following illustrates the preparation of a polyurethane from a difunctional telechelic polybutadiene diol 
prepared as in Example 13. 

40 In a 100 ml 3-neck round bottom flask equipped with a mechanical stirrer and a gas inlet was placed 2.50 

g (1.31 mE OH, based on OH titration of 0.523 mE/g) of the diol of Example 13, Sample No. 15747-155.13), 
0.013 g (0.1 mmol), 1 mol%/OH) of triethylamine (MW 101.2), and 5 ml of N-methyl-pyrroiidinone (NMP). To 
the stirred solution at 25°C was added 0.115 g (0.66 mmol, 1.0 equivalents NCO/OH) of toluene diisocyanate 
(MW 174.2) in 2 ml of NMP. The stirred mixture was then heated at 85°C for 16 hours. 

45 Work-up: At room temperature, the viscous yellow solution was poured into 300 ml 95% methanol, and it 

coagulated into a gelatinous mass. The solid was triturated 4 times with 100 ml 95% methanol, 2 times with 
100 water, 2 times with 95% methanol, and dried at 90°C/10" Hg in a vacuum oven for 6 hours to give 2.44 g 
(93% of theory) of poly(1,4-poiybutadiene urethane), as a foamed tacky solid with good mechanical integrity. 
The experimental verification of the dif unctionality of a telechelic polybutadiene diester precursor is de- 

50 scribed below: 

A high molecular weight polyester was synthesized via the titanium catalyzed polyesterif ication of polybu- 
tadiene diester (Sample I^Jo. 18098-103A) with 1,6-hexanediol, as follows: to a 50 ml round bottom flask with 
a nitrogen atmosphere containing 5.00 g (1.39 mmol) of polybutadiene diester (Sample No. 18098- 103 A, FW 
3600, IV = 0.11 1 ,6-hexanediol (Aldrich, Gold Label, was added 0.02 g (2 drops) of titanium (IV) butoxide (3400 
55 ppm). In a Kugelrohr "thin film" reactor, the mixture was heated to 150°C for 3 hour, and then the pressure 
was reduced to 0.005 mm Hg for an additional 3 hours. The resultant polymer (Sample No. 15747-131) was a 
clear rubbery solid (5.09 g 99%), IV = 0.76 dl/g in 1 ,2,4-trichlorobenzene; GPC, Mn = 64,000 (vs. polypropylene 
standard). 



21 



EP 0 626 402 A2 



Claims 



. A process for the preparation of linear monof unctional and telecheiic dif unctional unsaturated polymers 
having at least one internal carbon-to-carbon double bond and containing terminal functional reactive 
groups from olefin reactants in a process comprising: 

(i) reaction (A) comprising an olefin metathesis reaction of acyclic linear olef inic compound reactants 
comprising at least one of said acyclic olef inic compounds containing up to 30 carbon atoms arid con- 
taining at least one functional reactive group selected from reactive moieties consisting of a nitrile, es- 
ter, acid, acyl halide, ketone, aldehyde, borane, amide, acid anhydride, ether, imide, halogen atom, al- 
kene, alkyne, and substituted aryl group containing up to an additional 30 carbon atoms, the substitu- 
ents of said substituted aryl group comprising at least one reactive substituent of said functional re- 
active group of moieties, and combinations thereof, to prepare a linear functional olefinic product hav- 
ing at least one functional terminal reactive moiety, and 

(ii) reaction (B) comprising a ring-opening polymerization of a cyclic olefin in the presence of a linear 
functional olefin having at least one functional terminal reactive moiety selected from the group con- 
sisting of the product of reaction (A), an alkyl acrylate, an alkyl methacrylate, and an alkyl undecylenate, 
to prepare a polymer comprising a linear telecheiic dif unctional unsaturated polymer, said process com- 
prising essentially reaction (B) when said linear functional olefin is^elected from the group consisting 
of an alkyl acrylate and an alkyl methacrylate, to prepare a linear functional unsaturated polymer, and 

wherein said reactions (A) and (B) are metathesis reactions in the presence of a catalyst composition com- 
prising a metathesis catalyst (a) comprising a transition metal compound selected from the group con- 
sisting of halides, oxyhalides, oxides and organic ammonium salts of tungsten, molybdenum, rhenium, 
tantalum, and ruthenium; an activator (b) selected from the group consisting of organic tin compounds! 
alkylaluminum halides, alkoxyalkyiaiuminum halides and aryloxyalkylaluminum halides, and an organic 
Lewis base (c), said metathesis catalyst (a) is present in an amount of from about 0.01 to about 50 milii- 
moles per mole of said reactants, activator (b) is present in a molar ratio to metathesis catalyst (a) of from 
about 0:001 :1 to about 200:1 , and organic Lewis base (c) is present in a molar ratio to metathesis catalyst 
(a) of from about 0.1:1 to about 10,000:1 , said reactions (A) and (B) at a temperature of from about 0°C 
to about 200°C and a pressure of from about 1 x 1 CH* mm Hg to about 30 atmospheres wherein said organic 
Lewis base (c) is selected from the group consisting of acyclic linear olefinic compound reactants of re- 
actions (A) and (B) and esters, ethers, nitriles of up to 30 carbon atoms comprising alkyl and aryl acetates, 
alkyl acrylates, alkyl methacrylates, alkyl undecylenates, ethyl ether, propyl ethers, diphenyl ether, acet' 
onitriie, benzonitrile, acryionitrile, and compounds comprising acetyl acetone, tetrahydrofuran, pyridine, 
N.N'-dimethylformamide, thiophene, triethylamine, phenyl acetylene, organic phosphorus compounds, of 
from 1 to 30 carbon atoms, monohydric and dihydric alcohols of from 1 to 30 carbon atoms. 

The process of Claim 1 wherein said linear functional olefin having at least one terminal reactive moiety 
is selected from the group consisting of methyl acrylate, methyl methacrylate, an alkyl undecylenate of 
up to 30 carbon atoms, 1,5-hexadiene, 1,9-decadiene, 1 ,5,9-decatriene, 1,3-butadiene and divinylben- 
zene. 

The process of Claim 1 wherein said process comprises said reaction (A) comprising a metathesis reaction 
of monof unctional acyclic olefins to prepare a linear functional olefinic product and said reaction (B) com- 
prising a ring-opening metathesis polymerization reaction of a cyclic olefin with said linear functional ole- 
finic product of said reaction (A). 

The process of Claim 1 wherein said process comprises reaction (A) between two acyclic linear olef inic 
compound reactants, one linear olef inic compound reactant comprising an unsaturated polymer of number 
average molecular weight of up to 1,000,000 selected from the group consisting of low molecular weight 
oligomers and high molecular weight polymers of polybutadiene, polyisoprene, butyl rubber, and mixtures 
thereof, and a second linear olefinic compound reactant containing up to 30 carbon atoms and containing 
at least one functional reactive group selected from said reactive moieties. 

The process of Claim 1 wherein said linear functional olefin is selected from the group consisting of methyl 
acrylate, methyl methacrylate, and an alkyl undecylenate of up to 30 carbon atoms, and the cyclic olefin 
comprises 1 ,5-cyclooctadiene, and wherein said cyclic olefin is selected from the group consisting of cy- 
cloheptene; 1,3-cyclooctadiene; 1,4-cyciooctadiene: 1 ,5-cyclooctadiene, norbornene, norbornadiene, 
2 T 2,2-bicyclooctene-2; cyclooctene; cyclodecene; methyl cyclooctadienes; dimethyl cyclooctadienes; me- 
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thyl cyclooctenes: dimethyl cyclooctenes; 1 ,4,7-cyclononatriene; 1 ,4-cyclodecadiene; 1,5-cyclododeca- 
diene; 1 ,6-cyclodecadiene; 1,7-cyclododecadiene; 1 ,4,7-cyclododecatriene; 1 ,5,9-cyclododecatriene; tri- 
methyl 1 ,5,9-cyclododecatriene; cyciopentene; cyclododecene; cyclobutene; 1,9,17-cyclotetrasatriene; 
1 -methyl- 1,5-cyclooctadiene; 3-pheny1-1-cyclooctene; 3- benzyl- 1-cyclooctene; 3-tolyM-cyclooctene; 5- 
chloro-1-cyclooctene; 1-chioro- 1,5-cyclooctadiene; 5-chloro-1-cyclododecene,\ 5,5-dichloro-1-cyclooc- 
tene; and mixtures thereof. 

The process of Claim 1 wherein said olefin metathesis reactions are driven to conversion by removal of 
low molecular weight co-product olefins produced by said olefin metathesis reactions of said acyclic ole- 
fins from said olefin metathesis reaction, wherein said low molecular weight co-product olefins from said 
polymers are removed from said process by a combination of steps comprising a purge of the olefin meta- 
thesis reaction with an inert gas, application of a low vacuum in the range of from about 1 mm Hg to about 
400 mm Hg during said reaction, and an application of a high vacuum to about 1 x 1CH 5 mm Hg, said steps 
being in any sequence and capable of being omitted individually, said polymers containing less than 100 
parts per million of tungsten, said polymers being free of a predominant color. 

a linear telechelic difunctional polymer having at least one internal carbon-to-carbon double bond and con- 
taining terminal functional reactive groups, said linear telechelic difunctional unsaturated polymer having 
an average functionality number of at least 1.6-1.7, as determined by njjclear magnetic resonance spec- 
troscopy, said reactive functionality selected from the group of moieties consisting of a nit rile, ester, acid, 
acyl halide, ketone, aldehyde, borane, amide, acid anhydride, ether, imide, halogen atom, alkene, alkyne, 
and substituted aryl group of up to 30 carbon atoms, said aryl group containing at least one reactive sub- 
stituent of said functional reactive group of moieties, and combinations thereof, wherein said linear tele- 
chelic difunctional unsaturated polymer has a number average molecular weight of up to 1,000,000. 

The polymer of Claim 7 wherein said linear telechelic difunctional unsaturated polymer has a number aver- 
age molecular weight of up to 1 ,000,000, and said reactive functionality is an ester moiety, wherein said 
moiety is selected from the group consisting of an acrylate moiety, a methacrylate moiety and an unde- 
cylenate moiety. 

A linear monofunctional unsaturated polymer having at least one internal carbon-to-carbon double bond 
and a terminal functional reactive group, said- linear monofunctional unsaturated polymer having an aver- 
age functionality number of at least 0.7, as determined by nuclear magnetic resonance spectroscopy, said 
terminal functional reactive group selected from the group consisting of moieties consisting of a nitrile, 
ester, acid, acyl halide, ketone, aldehyde, borane, amide, acid anhydride, ether, imide, halogen atom, al- 
kene, alkyne, and substituted aryl group of up to 30 carbon atoms, said substituted aryl group containing 
at least one reactive substituent of said functional reactive group of moieties, and combinations thereof, 
wherein said linear monofunctional unsaturated polymer has a number average molecular weight of up 
to 1,000,000. 

The polymer of Claim 9 wherein said linear monofunctional unsaturated polymer has a number average 
molecular weight of up to 1,000,000 and said reactive functionality is an ester moiety selected from the 
group consisting of an acrylate moiety, a methacrylate moiety, and an undecylenate moiety. 

A process for preparation of polyurethane polymers from linear telechelic difunctional unsaturated poly- 
mers having at least one internal carbon-to-carbon double bond and containing terminal functional reac- 
tive groups, said terminal functional reactive groups comprising ester moieties selected from the group 
consisting of acrylate moieties, methacrylate moieties and undecylenate moieties, said process compris- 
ing: 

a) preparation of a difunctional diaicohol linear telechelic unsaturated polymer composition by reaction 
of said linear telechelic difunctional unsaturated polymer containing said ester moieties with a stoic- 
hiometric molar excess of up to 1000:1 of a linear diaicohol of from 1 to 30 carbon atoms in a transes- 
terif ication reaction in the presence of a transesterification catalyst at a temperature within the range 
of from about 100°C to about 250°C and a pressure of from about 0.005 mm Hg to about 30 atmos- 
pheres, and 

b) reacting said difunctional diaicohol linear telechelic unsaturated polymer composition prepared as 
in (a) with an isocyanate selected from the group consisting of toluene diisocyanate, methylene bis(4- 
phenylisocyanate), hexamethylene diisocyanate, and mixtures thereof in the presence of a polyur- 
ethane-forming catalyst at a temperature within the range of from about 0°C to about 300°C at a pres- 
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sure of from 0.005 mm Hg to about 30 atmospheres, to prepare a polyurethane polymer, wherein said 
linear dialcoho! is selected from the group consisting of a 1 ,2-ethanediol; 1,4-butanediol and 1,6-hex- 
anediol; wherein said transesterif ication catalyst is selected from the group consisting of titanium (IV) 
butoxide, titanium (IV) isopropoxide, stannous oleate, dibutyltin dilaurate, tin octoate, and mixtures 
thereof, and wherein said polyurethane-forming catalyst is selected from the group consisting of trie- 
thylamine, stannous oleate, dibutyltin dilaurate, 1 ,4-diazabicyclo-(2,2,2)-octane, dibutyltin di-2-ethyl 
hexoate, tin octoate and mixtures thereof. ; 

1 2. The dif unctional dialcohol linear telechelic unsaturated polymer composition and the polyurethane poly- 
mer prepared by the process of Claim 11. 

1 3. A process for preparation of high molecular weight polyester polymers from linear telechelic dif unctional 
unsaturated polymers having at least one internal carbon- to-carbon double bond and containing terminal 
functional groups other than vinyl groups, said terminal functional reactive groups comprising ester moi- 
eties selected from the group consisting of acrylate moieties, methacrylate moieties and undecylenate 
moieties, said process comprising the transesterif ication of a high molecular weight alpha, omega diester 
polymer of a number average molecular weight of up to 1,000,000 with a stoichiometric molar excess of 
up to 1000:1 of a linear dialcohol of from 1 to 30 carbon atoms in the presence of a transesterif ication 
catalyst selected from the group consisting of titanium (IV) butoxide, titanium (IV) isopropoxide stannous 
oleate, dibutyltin dilaurate, tin octoate and mixtures thereof at a temperature within the range of from 
about 20°C to about 1 00°C and a pressure of from about 0.005 mm Hg to about 30 atmospheres. 

4. The high molecular weight polyester prepared by the process of Claim 13 wherein said linear telechelic 
dif unctional unsaturated polymer is 1,4-polybutadiene alpha, omega-dimethyl diester and said linear di- 
alcohol is 1 ,6-hexanediol. 

5. A process for preparation of polyamide polymers from linear telechelic dif unctional unsaturated polymers 
having at least one internal carbon-to-carbon double bond and containing terminal functional reactive 
groups other than vinyl groups, said terminal functional reactive groups comprising ester moieties select- 
ed from the group consisting of acrylate moieties, methacrylate moieties and undecylenate moieties, said 
process comprising preparation of a linear telechelic dif unctional polyamide unsaturated polymer com- 
position by reaction of said linear telechelic difunctional unsaturated polymer containing said ester moi- 
eties with a stoichiometric molar excess of up to 1000:1 of a linear diamine of from 1 to 30 carbon atoms 
in an amination reaction in the presence of an amination catalyst at a temperature within the range of from 
about 1 00-C to about 250°C and a pressure of from about 0.005 mm Hg to about 30 atmospheres, wherein 
said linear diamine is selected from the group consisting of 1,2-ethanediamine, 1 ,4-butanediamine, and 
1 ,6-hexanediamine. 

S. The polyamide polymer prepared by the process of Claim 15. 

7. A process for the preparation of a polyurea polymer from a linear telechelic difunctional unsaturated poly- 
mer having at least one internal carbon- to-carbon double bond and containing terminal functional reactive 
groups other than vinyl groups, said terminal functional reactive groups comprising ester moieties select- 
ed from the group.consisting of acrylate moieties, methacrylate moieties and undecylenate moieties, said 
process comprising: 

a) preparation' of a difunctional diamine linear telechelic unsaturated polymer composition by reaction 
of said linear telechelic difunctional unsaturated polymer containing said ester moieties with a stoic- 
hiometric molar excess of up to 1000:1 of a linear diamine of from 1 to 30 carbon atoms in an amination 
reaction in the presence of an amination catalyst at a temperature within the range of from about 100°C 
to about 250°C at a pressure of from 0.005 mm Hg to about 30 atmospheres; and 

b) reacting said difunctional diamine linear telechelic unsaturated polymer composition prepared as in 
(a) with an isocyanate selected from the group consisting of toluene diisocyanate, methylene bis(4-phe- 
nylisocyanate), hexamethylene diiso-cyanate, and mixtures thereof in th presence of an amination cat- 
alyst at a temperature within the range of from about 0°C to about 300°C at a pressure within the range 
of from 0.005 mm Hg to about 30 atmospheres to prepare a polyurea polymer. 

. The difunctional diamine linear telechelic unsaturated polymer composition and the polyurea polymer pre- 
pared by the process of Claim 17. 
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19. A process for preparing a non-crosslinked, unsaturated monof unctional polymer comprising a metathesis 
reaction between a first olefin and a second olefin, wherein 

(a) the first and second olefins are independently selected from acyclic olefins having at least one ter- 
minal functional reactive moiety; or 

(b) the first olefin is an acyclic olefin having at least one terminal functional reactive moiety and the 
second olefin is a cyclic olefin and the ratio of the first to second olefin is in the range of 1:1-1:10,000; 
or 

(c) the first olefin is an acyclic olefin having at least one terminal functional reactive moiety and the 
second olefin is an unsaturated polymer and the ratio of the first to second olefins is in the range 1:1- 
10,000:1. 

20. A process for the preparation of a non-crosslinked, unsaturated di functional polymer comprising a ring 
opening polymerisation of a cyclic olefin in the presence of a difunctional acyclic olefin having at least 
two terminal reactive moieties. 

21. "A process for the preparation of an acyclic olefin having at least two terminal reactive moieties comprising 
a metathesis reaction, in the presence of catalyst, of acyclic olefin having at least one terminal functional 
reactive moiety to yield the difunctional product. 

22. A process according to any of Claims 19, 20 and 21 performed using a catalyst composition comprising 

(a) a transition metal halide, oxyhalide, oxide or ammonium salt, 

(b) an organic tin compound or aluminium halide reagent, and 

(c) an organic ewis base. 

23. A process according to any of Claims 19, 20, 21 and 22 in which the olefin having at least one terminal 
functional reactive moieties is an alkyl acrylate, alkyl methacrylate or alkyl undecyienate, the alkyl group 
being up to 30 carbon atoms in length. 
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